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ABSTRACT 
 This study assesses the capability of very large volcanic eruptions to effect widespread 
ecological and cultural change.  It focuses on the proximal and distal effects of the Aniakchak 
volcanic eruption that took place approximately 3400 rcy BP on the central Alaskan Peninsula.  
The research is based on archaeological and ecological data from the Alaska Peninsula, as well 
as literature reviews dealing with the ecological and cultural effects of very large volcanic 
eruptions, volcanic soils and revegetation of volcanic landscapes, and northern vegetation and 
wildlife.   
 Analysis of the Aniakchak pollen and soil data show that the pyroclastic flow from the 
3400 rcy BP eruption caused a 2500 km² zone of very low productivity on  the Alaska Peninsula.  
This "Dead Zone" on the central Alaska Peninsula lasted for over 1000 years.  Drawing on these 
data and the results of archaeological excavations and surveys throughout the Alaska Peninsula, 
this dissertation examines the thesis that the Aniakchak 3400 rcy BP eruption created a massive 
ecological barrier to human interaction and was a major factor in the separate development of 
modern Eskimo and Aleut populations and their distinctive cultural traditions. 
 Distal volcanic effects include ash fall, sulfuric acid rain, and sulfur dioxide injected into 
the atmosphere.  The ash fall and sulfuric acid rain from the Aniakchak eruption heavily 
impacted western Alaska to the northwest of the volcano.  The ash fall and acid rain had 
pronounced negative effects on low-growing biota (especially lichen), small mammals and birds, 
ungulates, and probably land-locked fish.  The eruptive effects were catastrophic for western 
Alaska caribou and the Arctic Small Tool populations that relied on them.    
 The research results, which draw on several independent lines of evidence, unequivocally 
support the study‘s main thesis as an explanation for the rise of Eskimo and Aleut populations 
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and cultural traditions. Viewed generally, these results also make a strong case that northern 
volcanic eruptions have had greater impacts to subarctic/arctic populations than previously 
thought.  Such eruptions had the potential to extirpate human populations from regions and leave 
them unpopulated for decades or centuries, particularly if the affected landscapes were confined 
by hostile environments. 
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CHAPTER 1) INTRODUCTION 
 Massive volcanic eruptions have had substantial impacts on human populations, ranging 
from possible global population bottlenecks (Rampino and Ambrose 2000) to regional and local 
destruction of populations and habitats (del Moral and Bliss 1993; Scarth 1999).  On the Alaska 
Peninsula, volcanic disasters have caused the geographic subdivision of populations, and may 
have ultimately played a role in the subdivision of the Eskimo and Aleut peoples (VanderHoek 
and Nelson 2003, 2007).  This research provides a case study evaluating the correspondence of 
large-scale pyroclastic (superheated ash and block) flows and tephra (air-fall volcanic ash) from 
a series of major Holocene volcanic eruptions with hiatuses in human occupation in western and 
southwestern Alaska.  It puts the waxing and waning of prehistoric human populations on a 
constricted landmass (the Alaska Peninsula) during the 4
th
 millennium BP in the context of pan-
regional environmental changes.  It evaluates the role volcanism played on causing the 
divergence of Proto-Eskimo-Aleut groups into distinct cultural populations, and the interplay of 
volcanism and other paleo-environmental effects on the movement, boundary behavior, 
settlement patterns and chronology of Late Holocene human populations on the Alaska 
Peninsula.   
This research was initiated with four field seasons of archaeological survey (1997-2000) 
in Aniakchak National Monument and Preserve, funded by the National Park Service (NPS).  
The Aniakchak National Monument and Preserve (ANIA) encompass over 243,000 hectares, 
centered around the Aniakchak Caldera and the Aniakchak River on the lower Alaska Peninsula 
(Figure 1.1).  The monument and preserve lie almost in the middle of the Alaska Peninsula, in a 
region that has seen little archaeological survey.  In 1997 NPS instituted the first systematic 
survey of ANIA because of this dearth of information about the region‘s cultural resources.   
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The concept of large-scale volcanism affecting prehistoric human populations has been 
addressed by various workers in northern North America (Dumond 1979; Workman 1979) and in 
the continental U. S. (Davis 1995; Grayson 1979; Matz 1991).  In these studies consideration has 
mainly been given to the contents of the ash clouds (particulates and gases) that are distributed at 
high altitudes.  Little research has been devoted to assessing the effects of pyroclastic flows on 
past prehistoric human populations (see Workman 1979 and Dumond 2004 for exceptions), 
presumably because pyroclastic flows are considered to be relatively localized phenomena that, 
while deadly if caught in, can be generally avoided (Blong 1984; Scarth 1999; Smith and Roobol 
1990; Warrick 1979).  What many northern researchers have not considered are A) the scale of 
several Holocene eruptions on the Alaska Peninsula, B) the type of deposits generated by these 
eruptions, or C) the long-term effects such deposits would have on a terrestrial landscape with 
narrowly constrained borders.  
This dissertation evaluates two related theses.  First, ecological and cultural factors 
during the mid and late Holocene were responsible for the effects that both mixed and separated 
Eskimo and Aleut populations.  The proximal effects (pyroclastic flows, lahars, and thick tephra) 
and distal effects (tephra and sulfuric acid) from the Aniakchak 3400 rcy B.P. eruption pushed 
human populations north and south of the central Alaska Peninsula and upper Bristol Bay.  The 
resultant depopulated region remains unpopulated for parts of the fourth and third millennium 
B.P. through a mix of ecological and cultural factors, providing the opportunity for populations 
at the northern and southern ends of the Bering Sea to evolve isolated from each other. 
Second, proximal effects from catastrophic volcanic eruptions during the third and fourth 
millennium BP on the central Alaska Peninsula caused an environmental ―dead zone‖ between 
the upper and lower peninsula, and resulting in an area of very low biological productivity.  The 
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lack of resources and concurrent human population over this large (>200 km long) region 
resulted in an extended period of little cultural contact between human groups in the Aleutians 
and those in Western Alaska.  This ecological dead zone on the central Alaska Peninsula caused 
a cultural separation that was extensive and long-lived, and was one of the causal factors in the 
cultural division of the Eskimo and Aleut populations.   
To address these two theses relating to the separation of Eskimo and Aleut cultures we 
need to examine several research questions.  Similar questions to the below, though with a 
resource focus, were posed by Yesner (1985: 55): 
A) Was there a parent population common to both Eskimo and Aleut groups? 
B) When was the divergence between Eskimo and Aleut Cultures?  What was the cause?   
C) Can we use material culture to identify a cultural boundary between Eskimo and 
Aleut populations?  
D) What factor or factors kept a boundary in place between the two groups? 
This thesis will document the catastrophic nature of the 4000-3400 rcy B.P. Alaska 
Peninsula volcanism, especially the 3400 rcy B.P. Aniakchak eruption, and show that it probably 
did cause an enduring wasteland unfit for human habitation for many hundreds of years.  It will 
be shown that catastrophic volcanic eruptions were drastic enough to ―block the peninsula‖ and 
have a significant impact on human populations.  This will be illustrated through a discussion of 
volcanic events and historic volcanism, showing that the fourth millennium B.P. volcanism could 
have impacted a very large region for a very long time.  A special focus on the sterilizing effects 
of pyroclastic flows will center around an examination of re-vegetation rates of known 
pyroclastic flows, especially the 1980 Mount St Helens eruption and the 1912 Katmai pyroclastic 
flow on the northern Alaska Peninsula.  The Katmai pyroclastic flow in the Valley of Ten 
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Thousand Smokes is a good analog for the revegetation of the Aniakchak region after the 3400 
rcy B.P. eruption, due to Katmai‘s proximity and similar ecological environment.  Soil samples 
from both the 1912 Katmai and 3400 rcy B.P. Aniakchak pyroclastic flows will be compared for 
factors important in a soil‘s ability to revegetate.  Analysis will also include the examination of 
pertinent ecological factors affecting the revegetation of regions damaged by major pyroclastic 
flows.  
It will be shown that the central Alaska Peninsula did suffer an ecological catastrophe 
great enough to prohibit human habitation for an extended period.  This will be done through an 
examination of geologic reports from the Aniakchak and Veniaminof eruptions, and soil data 
from the Aniakchak Region.  The geologic data show the extent and massive nature of the events 
in question, and the active aeolian environment after the major volcanic events. Special attention 
will be paid to the ecological and cultural changes following the 3400 rcy. B.P. eruption of the 
Aniakchak Volcano.  Critical paleoenvironmental data pertaining to the effects of volcanism on 
the environment will be provided by analysis of samples taken from a 3.5 m geologic section in 
Aniakchak Bay.  Robert Nelson, geology professor with Colby College in Waterville, Maine, has 
processed and analyzed the pollen from a close-interval sampling of this section that was 
conducted in August 2001.  His research allows vegetation reconstruction of the Aniakchak coast 
throughout the Holocene, illustrating the effects of major volcanic events on the biota of the 
region. 
 Working from the results of these analyses, it will then be shown how distal effects from 
the 3400 rcy B.P. volcanism caused the disappearance of both caribou and their human 
predators, resulting in regional human abandonment and a subsequent cultural boundary between 
succeeding cultures.  The cultural ramifications for regional prehistoric populations will be 
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explored, particularly how catastrophic volcanism on constrained northern landscapes can cause 
the eventual ethnogenesis of separate human populations.   
 This thesis consists of an additional nine chapters.  Chapter 2 describes the environment 
of southwest Alaska.  Chapter 3 describes previous archaeological research conducted in the 
region, its culture history, presents evidence pertaining to the separation of Eskimo and Aleut 
populations, and discusses the identification of social boundaries and population movements 
from archaeological data.  Chapter 4 presents an overview of volcanism and volcanic hazards, 
including discussions on the application of archaeology to disaster studies, the role of oral 
history in populations coping with volcanic disasters, and selected archaeological case studies of 
past volcanic disasters.  Chapter 5 is an overview of volcanic soils and soil formation processes, 
discussing the soil-related factors important in the revegetation of volcanic landscapes.  Chapter 
6 follows by examining the process and rates of ecological recovery of four volcanically 
impacted regions.  Chapter 7 continues this theme with an evaluation of the effects of distal 
volcanic products on selected northern plants and animals.  Chapter 8 presents data on the size 
and effects of the fourth millennium B.P. volcanic eruptions on the central Alaska Peninsula.  
Chapter 9 pulls together the proceeding chapters, evaluating the ecological effects the fourth 
millennium B.P. volcanism had on human populations in southwestern and western Alaska.  
Chapter 10 returns to the hypotheses presented in chapter one, summarizing evidence from 
earlier chapters on why fourth millennium B.P. volcanic eruptions were causal factors in the 
separation of Eskimo and Aleut populations.    
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CHAPTER 2) ALASKA PENINSULA ENVIRONMENT
1
 
Geography  
The Alaska Peninsula is the continentally connected finger of the Aleutian Arc, 
projecting approximately 800 km from the southwest corner of the Alaskan mainland (at the 59
th
 
Parallel) southwest to the beginning of the Aleutian Island arc (between the 55
th
 and 54
th
 
Parallel).  The Aleutian Islands continue more than 1700 kilometers to the west, with the Alaska 
Peninsula and Aleutian Islands together spanning 34 degrees in longitude.  The peninsula ranges 
in width from over 170 km at its northern end to less than 10 km at its southern point (Figure 
2.1).   
 The Alaska Peninsula is a unique landform, similar only to Kamchatka in its mix of 
conditions and forces acting upon it.  Other long peninsulas project into arctic/subarctic waters, 
and many peninsulas and long, narrow islands worldwide are the results of (and subject to) 
subduction zone volcanism, but only the Alaskan and Kamchatkan peninsulas are in cold 
northern waters and so volcanically active.      
 The Alaska Peninsula presents very different topographic environments on its eastern and 
western sides.  The backbone of the peninsula is formed by the Aleutian Range, where the 
mainly volcanic peaks reach from 900 to 3000m above mean sea level (amsl).  The Pacific side 
of the peninsula is a rocky coast with deep, fjord-like embayments.  In the heads of bays, local 
beach ridge plains prograde toward the ocean.  Mountain ridges of the Aleutian Range, fronted 
by rocky cliffs, project south and east into the Pacific.   The Alaska Range and the Pacific coast 
of the peninsula are placed within the Aleutian Range section of the Alaska-Aleutian 
physiographic province of Alaska (Wahrhaftig 1965).  
                                                 
1
 Some information in this chapter was previously published in VanderHoek and Myron 2004, Chapter 2. Used by 
permission. 
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The Bering Sea side of the peninsula, part of the Nushagak-Bristol Bay Lowland 
(Wahrhaftig 1965), has a less dramatic topography, with gradual mountain slopes descending to 
low-lying outwash plains and bogs.  The Bristol Bay lowland is periodically traversed by glacial 
moraines, with rivers meandering from the Aleutian Range and lakes in the east to the Bering 
Sea to the west.  
Climate 
The Alaska Peninsula experiences a maritime climate, with an average participation of 
90-150 cm (with the higher participation on the western side of the peninsula), and annual air 
temperatures averaging 4° C (Gallant et al. 1995; Selkregg 1976).  Wind speeds are high, 
particularly on the southern peninsula, where the annual wind speed is 30 kph, with highest 
velocities exceeding 130 kph (Jordan and Krumhardt 2003).  Although winds may blow from all 
points of the compass, winds most commonly come from the southwest, west or northwest 
(National Oceanic and Atmospheric Association 2007). 
 The Alaska Peninsula and the Aleutian Islands form a major ecological boundary 
between the deep warmer waters of the Pacific Ocean and the colder and shallower Bering Sea.  
This winter temperature differential creates consistent low pressure over the Aleutian 
Archipelago, generating frequent and violent cyclonic storms.  This difference in water 
temperature also affects sea ice conditions on the two coasts.  Harbors on the Pacific side of the 
peninsula are commonly open all winter.  On the Bering Sea, however, winter ice is common, 
with bays on the northern end of the peninsula consistently frozen through the winter.  Ice 
coverage in February on the Bering Sea is commonly 50 to 70% as far south as Port Heiden, with 
some sea ice possible down to the tip of the peninsula (U.S. Department of Commerce, Coast 
and Geodetic Survey 1955: 489; Selkregg 1976).  From Port Moller northward tide flats and 
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coastal lagoons experience considerable scouring from shorefast ice, reducing the availability of 
intertidal invertebrates, particularly clam and cockle species (Yesner 1985).  
Geology 
The geology of the Alaska Peninsula is dominated by the crustal movements of 
continental and oceanic plates.  Much of the peninsula is made up of the Alaska Peninsula 
terrane, a crustal segment composed of Jurassic to Cretaceous sedimentary and volcanic rocks 
(Detterman et al. 1996).  This crustal plate is constantly modified by volcanism generated by the 
Aleutian Arc subduction zone off its southern shore.   
Volcanism 
Aleutian Arc volcanism is created by the subducting of the oceanic Pacific Plate under 
the continental North American Plate.  This subduction zone stretches nearly 3000 km from 
Cook Inlet in the northeast to the Kamchatka Peninsula in the west.  The Alaska Peninsula forms 
the eastern half of this Aleutian Arc, with 37 volcanic centers that were active during the 
Quaternary Period (Vallier et al. 1994).  Veniaminof and Aniakchak volcanoes are two of these, 
with both having two major eruptive periods during the Holocene that are believed to have 
generated over 50 cubic kilometers of eruptive material (Miller and Smith 1987).  The current 
configuration of the Aniakchak Caldera was formed approximately 3400 rcy B.P. by the later of 
its two major eruptions.  The 3400 rcy B.P. eruption was one of the largest known eruptions on 
the peninsula, and one of the several dozen largest known on earth in the Holocene (Begét et al. 
1992; Miller and Smith 1987; Simkin et al. 1981). 
The period between 4000 and 3400 rcy B.P. was an active one for the volcanoes in the 
eastern Aleutian volcanic arc.  Four of the six Holocene caldera-forming eruptions on the 
peninsula took place during this time, and at least four other volcanoes had significant eruptions 
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during the same period (Riehle et al. 1998).  The largest of these appear to have been the 
Aniakchak eruption at 3400 rcy B.P, and one that took place between 3500 and 3700 rcy B.P. at 
Veniaminof, the next large volcanic center approximately 110 km down the peninsula from 
Aniakchak (Miller and Smith 1987; Miller et al. 2002; Riehle et al. 1998).  Like Aniakchak, the 
Veniaminof eruption produced voluminous pyroclastic flows that blanketed the peninsula from 
one side to the other (Miller and Smith 1987).   
 The Aleutian Arc subduction zone makes this region one of the most tectonically active 
regions of the planet.  The arc consists of a series of independently acting crustal blocks.  
Subduction zone tectonic activity acting on these crustal blocks is continually generating 
earthquakes of various magnitudes.  Earthquakes accompany the raising or subsidence of 
sections of these blocks, and these effects often generate tsunamis that sweep the coastal areas.   
 Numerous tsunamis have affected the Alaska Peninsula during historic times.  A tsunami 
that swept the region from Kodiak Island to the Shumagin Islands was recorded in 1788 (Lander 
1996:33).  This was believed to have generated a wave ~5m high along the central Alaska 
Peninsula coast, with waves to 30m high on Sanak and Unga Islands to the south (Davies et al. 
1981).  Other tsunamis were recorded in the region in 1847 and 1880.  A seismically generated 
tsunami was reported on the Aniakchak coast in 1938 (Lander 1996:64; Morseth 2003:112).  
Evidence is available for multiple tsunamis on the peninsula during prehistoric times, 
though probably only major events have been detected in the geologic record.  Researchers have 
discovered evidence of a large earthquake and associated tsunami that took place on the lower 
peninsula approximately 2200 B.P. (Jordan and Maschner 2000).  Several lines of evidence from 
the Pacific coast of the Aniakchak National Monument and Preserve suggest that a tsunami 
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struck Aniakchak and Amber Bays between 600 and 700 B.P. (VanderHoek and Myron 2004: 
174).   
 Volcanic eruptions are also known to have caused tsunamis in southern and southwestern 
Alaska.  The eruption of the Aniakchak Volcano at 3400 B.P. generated massive pyroclastic 
flows that plunged into Bristol Bay, causing a tsunami up to 15m high to sweep over the northern 
Bristol Bay coast (Waythomas and Neal 1998).   In 1883 a tsunami generated by an ash flow 
from Mt. Augustine was reported to have reached a height of over seven meters by the time it 
struck the eastern side of southern Cook Inlet (Lander 1996:23). 
Glaciation and Sea Level Changes 
A large glacial complex covered much of the Alaska Peninsula and the southern 
continental shelf during the Pleistocene (Mann and Peteet 1994).  Four glacial advances have 
been identified for the peninsula.  The first three; Oldest Drift, Johnson Hill Advance, and Mak 
Hill Advance, are early Wisconsin or earlier in age, and are only evident along the northwestern 
side of the peninsula.  The fourth stage, the Brooks Lake Advance, is late Wisconsin in age, and 
its four advances and retreats are responsible for most of the moraines, glacial drift and outwash 
plains visible on the peninsula (Detterman 1986). 
Ancient shorelines, which indicate the heights of former sea levels, are common along 
the coast of the peninsula.  These are indicated by a variety of terms in the literature, including 
ancient shoreline, paleoshoreline, strandline, marine terrace, and wave-cut scarp, (Dumond 
1987b; Jordan 2001).  Data about these ancient shorelines are important for a number of reasons.  
First, human occupation and movement on the peninsula would have been affected more by sea 
level than glacial ice, because glacial ice had receded into the Aleutian Range by Holocene times 
(Dumond 1987b: 13), thus sea level data gives us the possible habitable land area at any 
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particular time. Second, paleoshorelines themselves are locations of possible habitation, 
especially for marine-adapted people
2
.  Knowledge of former sea levels also allows us to 
estimate the distribution of resources in relation to extant landforms (where salmon streams, tidal 
marshes and lagoons, strand flats, seal haul outs, etc. may have been), and predict probable 
locations for human habitations given those resources.  Lastly, with data on former sea levels we 
can determine possible times and locations during the Holocene when low valleys on the Alaska 
Peninsula may have been ocean passes.  These passes would have allowed the passage of 
migrating marine species and encouraged use and settlement by human hunter/fishers, though 
may have discouraged movement by strictly terrestrially adapted human populations. 
The interplay of global (eustatic) sea level rise, isostatic changes because of post- glacial 
rebound, and the effect of regional tectonic change has been very complex on the Alaska 
Peninsula.  Because of the differences in previous ice coverage and in tectonic activity between 
segments of the Aleutian Arc, different segments, or even different parts of the same segment, 
may respond differently to these forces at any given time.  Segments with thicker glacial ice 
coverage will rebound more after its melting than those with less or none.  Tectonic activity will 
cause crustal segments to raise or fall, with opposite actions sometimes happening on different 
sides of the same segment.   
This interplay of eustatic, isostatic and tectonic effects has been most intensively studied 
on the lower peninsula (Funk 1973; Jordan and Maschner 2000; Jordan 2001; Maschner et al. 
1997).  Discovery of four ancient shorelines there suggest a complex sea level history in that 
region.  Early work in the southern peninsula discovered terraces at 2-3 m and 16 m above 
                                                 
2
 In this thesis "marine-adapted" follows the definitions by Workman and McCartney (1998), who see marine-
adapted groups as those who "live in proximity to, and obtain a significant portion of their subsistence from, the 
sea",  and who "possess(ed) seaworthy watercraft and obtained at least some of their caloric income from resources 
procured beyond the littoral zone" (1998 :361-362). 
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present shorelines (Funk 1973).  More recent work by Jordan has added knowledge of 
paleoshorelines at 25 m and 6 m above present levels (Jordan 2001; Jordan and Maschner 2000).  
Rates of ice sheet disintegration and isostatic uplift appear to have been greatest across the North 
Pacific Ocean between 14,000 and 9,000 B.P. (Fairbanks 1989; Jordan 2001: Figure 6).  Jordan‘s 
work has determined that the lower Alaska Peninsula was deglaciated by 13,000 B.P, with the 
sea level stabilizing enough prior to 10,000 B.P. for sporadic terrace formation at 25 m above 
modern sea level.  Sea level in the region stabilized again at 16 m between approximately 9,000 
and 6,000 B.P, and left marine terraces at 6 m and 2-3 m at ~2,100 B.P. and 1,800-600 B.P. 
respectively (Jordan 2001).   This work also suggests that a major tectonic event caused 
coseismic subsidence with associated tsunamis around or shortly before 2100 B.P, altering 
regional coastal paleogeography and human settlement patterns (Jordan 2001; Jordan and 
Maschner 2000:393).   
Marine terraces have been noted on other parts of the peninsula as well.  Old strandlines 
have been noted in the Chignik region on the Bristol Bay side of the peninsula at 15 m above sea 
level, and on the Pacific side at 28-30 m above sea level (Detterman et al. 1981).  While these 
different strandlines may reflect different rates of isostatic rebound on different sides of the 
peninsula, it may also merely reflect missing data on strandlines in the Chignik region.  Marine 
terraces were noted on the Pacific coast of the Aniakchak National Monument and Preserve at 
~15-16 m and ~30 m (Dilley 2000: 42; VanderHoek and Myron 2004: 170 and Figure 5-7).   
Terraces of 12 m and 43 m have been reported farther north on the Pacific side of the peninsula 
on the Katmai coast (Lucke 1954), and at 16m and 28m above sea level in Kamishak Bay 
(Detterman and Reed 1973).   
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Morzhovoi Bay appears to have been a marine pass though the peninsula several times in 
the past, the last time in the late Holocene (Jordan and Maschner 2000: 403).  A shallow 
intertidal connection between the Pacific Ocean and the Bering Sea may have been reestablished 
here after the major coseismic event at 2200-2100 rcy B.P. (mentioned above).   The 15 m 
terrace in the Chignik region suggests a similar situation could have existed in the Black Lake-
Chignik Lake-Chignik Lagoon valley.  The highest elevation in this pass between the Bering Sea 
and the Pacific Ocean is found in a low marshy area between Black Lake and the Unangashik 
embayment on Bristol Bay.  Satellite elevation data (NASA Earth Wind) shows the lowest 
elevation over this pass to be 13 m.  With sea level at 15 m this pass would have been the 
northernmost ocean pass around the southern end of the peninsula.   While it is uncertain that 
similar isostatic conditions were prevalent between the Chignik region and the end of the 
peninsula, if one assumes a similar sea level curve, then this marine corridor would have been in 
existence from late Pleistocene times until isostatic rebound pushed it above sea level after 8,000 
B.P. (Jordan 2001: Figure 5; Jordan and Maschner 2000: 403).  Human occupation south of this 
marine corridor would take both boat technology and knowledge of and ability to deal with 
stormy seas and fast-moving marine currents, etc, requiring at least a moderately marine-adapted 
population.   
Glacial outwash and volcanic sediments have added massive amounts of sediment to the 
coastlines of the Alaska Peninsula, particularly its western coast and the Bristol Bay lowlands.  
The ~9000-8000 rcy B.P. and 4000-3400 rcy B.P. eruptions of Aniakchak and Veniaminof 
Volcanoes alone may have added hundreds of cubic kilometers of volcaniclastic material to the 
region.  These glacial and volcanic sediments have eroded and have been carried down rivers to 
the coast, or have been eroded from shorelines, and carried northward on the regional longshore 
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transport, causing massive infilling in the regional embayments through the Holocene.  Because 
of these massive pulses of sediment, it is probable that Holocene human populations previous to 
the aforementioned eruptions found the embayments much larger, deeper, and occupied by 
different (and possibly more desirable) prey species than did later populations.  This shift is 
evident in the faunal assemblage collected from the Hot Springs site at Port Moller.  Fauna from 
early deposits (originally dated at 3500-3000 B.P. [Okada 1980], but recently redated to 4000-
3000 B.P. [Maschner 2004a]) reflect rocky coastal conditions. The site was then abandoned for 
over a thousand years.  After the site was reoccupied, shellfish species utilized reflected those 
from sandy or muddy environments, suggesting large-scale infilling of the embayment (Kotani 
1980).    
Soils 
Soils on the Alaska Peninsula have been mapped on a reconnaissance level (Rieger et. al. 
1979), with more intensive soil study taking place in the Aniakchak region (Dilley 2000). The 
dominant soils in the area are Typic Haplocryands and Typic Vitricryands, part of the larger soil 
order of Andisols (Dilley 2000; Gallant et al. 1995:41).  Andisols are soils formed on volcanic 
ash or pyroclastic flows. Both soils also belong to the suborder of Cryands, which are Andisols 
that exist under a cryic soil temperature regime where the mean annual soil temperature is 
between 0 C and 8 C (Dilley 2000).  Both of these soils are typified by a high content of volcanic 
glass, an accumulation of more than 35 cm of ash or pumice in the upper 60 cm of soil, and well 
to moderate drainage (Brady and Weil 2002: 93; Dilley 2000).  
Biota: Plants and Animals 
 Vegetation on the Alaska Peninsula is made up of a variety of plant communities.  Spruce 
forests exist in the northern part of the peninsula, but do not extend south of the Naknek region.  
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Low and dwarf scrub communities are common on the central and lower peninsula, and consist 
of shrub birch, willow and berries.  Tall scrub communities of alder and willow are found on 
lower hillsides and along drainages.  Bogs are dominated by sedges, grasses and ericaceous 
species (Gallant et al. 1995).   
 The peninsula is a patchwork of vegetation types.  Pollen data suggests this patchwork is 
the result of massive volcanic events that periodically covered sections of the region with 
volcanic products, restarting the revegetation process in these locations (Heusser 1983).  Large 
tephra plains in the vicinity of the Aniakchak and Veniaminof volcanoes (see VanderHoek and 
Myron 2004: Figure 2-5 for example) offer modern evidence of this restarting of the biological 
clock.   
 Many parts of Southwest Alaska are rich in harvestable animal resources.  Migratory 
species in Southwest Alaska include whales as well as five species of anadromous salmon, 
ducks, geese, and numerous species of pelagic waterfowl.  The rocky coasts of the Aleutian 
Islands and the Pacific coast of the Alaska Peninsula support numerous marine mammals, deep-
sea fish and intertidal resources.  These coastal waters support fish species including cod, halibut 
and rockfish.  Harvestable intertidal species include shellfish and sea urchins.  Marine mammals 
present include harbor seals, sea lions and sea otters.   The colder Bering Sea supports a different 
suite of species.  Marine mammals, particularly in the northern Bering Sea, are more the ice-edge 
variety, including walrus and spotted seals (Alaska Department of Fish and Game 1985).  Ice 
scour along the Bering Sea coast reduces the availability of intertidal resources.  The major 
Bering Sea river systems team with salmon, which was one of the most important resources for 
prehistoric human populations in the region throughout the latter half of the Holocene (Dumond 
1987a: 83, 113). 
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 Terrestrial game species are present on the Alaska Peninsula, but are more plentiful on 
the northern peninsula.  The Alaska Peninsula caribou herd migrates seasonally up and down the 
upper peninsula, with calving often taking place in the Port Heiden region (Skoog 1968).  Other 
significant terrestrial species include bear, moose, wolf, fox, river otter, and ground squirrel.   
Animal resources are not distributed evenly across southwest Alaska.    
Rocky and more complex coastlines support more marine fish, sea mammals, and pelagic 
waterfowl, as well as intertidal resources, while large marshes support vast numbers of migratory 
waterfowl.  Small streams may support small runs of pink and chum salmon, but only major river 
systems supported significant runs of chinook, coho and sockeye salmon.  Large sandy beaches, 
like those along much of the Bristol Bay coast, are much less productive than the complex rocky 
coasts of the North Pacific.   
Summary 
The Alaska Peninsula has natural north-south and east-west climatic and topographic 
boundaries.  The Aleutian Range divides the peninsula between the warmer, wetter, and more 
dissected rocky Pacific coast to the southeast and the colder, drier and less dissected Bristol Bay 
coast to the northwest.  These ecological differences have profound ramifications for both the 
presence of faunal species (particularly marine) found on each side, and the ability of human 
foragers to harvest these resources.  The more temperate Pacific side of the peninsula has harbors 
commonly ice-free all winter, allowing near-shore and deep-sea fishing and marine mammal 
hunting year round, depending upon the weather.  On the Bering Sea side winter ice is common, 
though composed of drifting flows, dangerous to fishermen or hunters in small boats, with 
coverage becoming less as one progresses south to the end of the peninsula (Selkregg 1976).   
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The Alaska Peninsula provides a bridge between the North American continent and the 
Aleutian Islands, allowing the dispersal of species between the two down the peninsula and 
along its coasts.  Anadromous fish species follow the coast of the peninsula in their annual 
movements.  Vast numbers of waterfowl use the peninsula as a flyway and jumping-off spot on 
their seasonal migrations.  The Alaska Peninsula caribou herd migrates up and down the 
peninsula in a seasonal quest for better pastures.  Large catastrophic events, like region-wide 
pyroclastic flows, tephra falls, earthquakes, and tsunamis have the potential to disrupt these 
movements, affecting biological populations and the human populations that prey on them. 
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CHAPTER 3) ETHNOGRAPHIC AND ARCHAEOLOGICAL OVERVIEW
3
 
Modern Indigenous Peoples 
 At the time of western contact two culturally divergent groups of people inhabited 
southwest Alaska.  The Unangan (called Aleut by Russian explorers) inhabited the Aleutian 
Islands and the southwestern section of the Alaska Peninsula.  The other group, the Sugpiat 
(Pacific Eskimo, or Alutiiq), inhabited the central and northern Alaska Peninsula, and Kodiak 
Island, as well as the Gulf of Alaska coast.  The Eskimo/Aleut linguistic boundary is generally 
located in the Port Moller region on the southern peninsula (Dumond 1981; Krauss 1982). 
The Unangan people relied almost completely on the products they could harvest from 
the sea, its shores, or small streams; marine mammals, deep sea and near shore fish, sea birds, 
inter-tidal resources, and small anadromous fish runs (Laughlin 1972, 1980; McCartney 1975; 
Yesner 1977).   
 The Supiaq people on Kodiak Island were called Kad‘iak Aleut by the Russians as well 
as Kaniaga (Koniag), a name that came from the Unangan designation Kanaagin (Clark 1984).  
The traditional terms Qikertarmiut refers to Sugpiat affiliated with Kodiak Island, while 
Ugaassarmiut identifies those from the Ugashik River drainage (Morseth 2003:5). 
The Alutiiq people, who spoke various dialects of the Yup‘ik language, had subsistence 
practices utilizing a mix of riverine, marine, and terrestrial fauna (Yesner 1985).  Those in the 
Kodiak archipelago focused on harvesting massive runs of salmon as well as utilizing the marine 
resources surrounding their islands.  Those on the Alaska Peninsula utilized salmon and marine 
resources, but also hunted caribou and utilized other terrestrial resources.  The seasonal round 
                                                 
3
 Some information in this chapter was previously published in VanderHoek and Myron 2004, Chapters 3and 4. 
Used by permission. 
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utilized all resources available, but focused on the sea and the resources that came from it.  Fish 
formed the basis of the diet.  Families dispersed from winter villages to live near the mouths of 
streams, putting up stocks of fish, berries and roots.  Salmon were harvested in large numbers in 
streams where they were netted, trapped, speared, gaffed and harpooned.  Deep-water fish, 
including cod, halibut and sculpin, were harvested when weather permitted.  Sea birds and their 
eggs were used for food, clothing, and decoration.  Intertidal resources included blue mussels, 
clams, sea urchins, chitons, periwinkles and other intertidal invertebrates.  Marine and (where 
available) terrestrial mammals were important for food, clothing, and raw materials.  Seals and 
sea lions provided food and material for skin boats, bags, footwear and rope.  Sea otter furs were 
used for parkas.  Bear were valued for the fat and other resources they supplied.  Caribou were 
hunted or traded for their meat, hides and antler (Morseth 2003:13-14; VanderHoek and Myron 
2004:23).   
Previous Archeological Research  
Few regions in Alaska have been intensely investigated archaeologically, especially 
when compared to other regions in the United States. Consequently, the prehistory of much of 
the state, including the Alaska Peninsula, is only generally known, with large spatial and 
temporal gaps in the cultural record. The northern and southern ends of the Alaska Peninsula 
have been the loci of considerable research while, until quite recently, the central Alaska 
Peninsula had been little studied. The following provides brief summaries of archeological 
research that has been conducted on the Alaska Peninsula, starting at the north end and 
proceeding to the south.  
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Katmai Region 
In 1953, the National Park Service (NPS) began a two-year study of the biological, 
geological and archeological resources of the Katmai National Monument (Cahalane 1959). 
The University of Oregon (Davis 1954) and the University of Alaska (Oswalt 1955) tested and 
conducted excavations in the Naknek drainage and at Kukak and Kaflia Bays on the Pacific 
Coast as part of the Katmai Project. Work was resumed on the upper peninsula by the 
University of Oregon in 1960, which initiated a sequence of research projects that developed 
cultural histories of the Naknek region (Dumond 1962, 1971, 1981, 2000; Harritt 1988), the 
monuments‘ Pacific coast (Clark 1977), and the Ugashik Lakes region (Henn 1978).  Research 
in the present Katmai National Park and Preserve has been fostered, especially within the last 
decade, by NPS cultural resource personnel (Hilton 2002), with the NPS sponsoring 
publications on regional survey (Crowell et al. 2003), mitigation efforts within the park (Bundy 
et al. 2005), and the overall prehistory of the region (Dumond 2005b).   
 Recent survey work by Patricia McClenahan on the northern Pacific coast of the 
peninsula was conducted to check the utility of predictive models of prehistoric subsistence 
and settlement patterns devised for the region.  Her surveys, conducted in 2000 and 2001, 
identified several millennia of periodic human occupation in the Portage Bay region 
(McClenahan 2004). 
Ugashik  
The Ugashik embayment lies just south of Becharof Lake on the Bristol Bay coast.  
Here a sizeable river connects two large lakes to Ugashik Bay. Work in the Ugashik region by 
Henn in the 1970s delineated five cultural phases dating back 9,000 radiocarbon years. 
Interspersed with these cultural phases were distinct hiatuses in population: the first stretching 
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from ~7,600 rcy B.P. to 5,000 rcy B.P, and the next from 3,400 rcy B.P. to 2,100 rcy B.P. 
(Henn 1978:12).  
Aniakchak National Monument and Preserve 
The Aniakchak region lies on the Pacific coast just south of the Ugashik Lakes region. 
Prior to the NPS study (published as VanderHoek and Myron 2004) that began this thesis 
research, only one prehistoric site had been documented and virtually no systematic pedestrian 
surveys had been conducted in Aniakchak National Monument and Preserve.  Most 
archeological efforts within Aniakchak had focused on the mouth of the Aniakchak River, an 
area known to have been the locus of considerable fishing activity in historic times.  During 
1987 the National Park Service performed a one-day archaeological survey in preparation for 
the construction of a food cache and privy adjacent to the Columbia River Packers Association 
(CRPA) cabin (Harritt and Faulkner 1987).  Limited testing near the cabin revealed historic 
barabaras (semi-subterranean, sod-covered houses) and a late prehistoric hearth.  One other 
survey effort was conducted within the Aniakchak National Monument and Preserve before 
1997. In 1993, Bureau of Indian Affairs staff completed a survey for a native allotment parcel 
(BLM AA-11774 Parcel K. Koniag Inc) in Kujulik Bay (US Bureau of Indian Affairs 1993).  
In 1997 the NPS instituted a four-year archaeological survey of the Aniakchak National 
Monument and Preserve.  Forty archaeological sites were found by the survey.  Fourteen of these 
were historic, 20 were prehistoric, and six had both historic and prehistoric components.  At least 
six of these are village sites, with between 14 and 45 house depressions.  Of the 21 prehistoric 
sites that were radiocarbon dated, occupations ranged between 2000 and 375 rcy B.P. 
(VanderHoek and Myron 2004).  No sites were found that predated 2000 rcy B.P, though 
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numerous locations were tested down to Middle or Early Holocene stratigraphic horizons 
(VanderHoek 1999).   
The NPS is continuing monitoring and mitigation work in the Aniakchak region. 
Researchers representing the NPS and Hamline University recently finished two seasons of data 
recovery at the South Aniakchak Village Site, a site in Aniakchak Bay discovered by the 
previous survey (VanderHoek and Myron 2004:88-95).  Project objectives included data 
recovery and the stabilization of an eroding bluff top containing cultural deposits (Hoffman and 
Smith 2006).   
Port Heiden 
Port Heiden is on the Bristol Bay coast of the Peninsula, west of the Aniakchak 
National Monument. In 1981, David Yesner, then at the University of Southern Maine, 
conducted limited survey in this region. His results suggested that the Port Heiden region was 
sparsely occupied in later prehistory, with the oldest evidence of occupation dating only to 
approximately 500 rcy B.P. (Yesner 1983, 1985). 
Chignik 
Some survey and testing has been done in the Chignik region, which lies south of the 
monument and preserve on the Pacific Coast (Corbett 1993, 1995; Dumond et al. 1975; 
Dumond 1987a, 1992; Holmes and Dixon 1978, Reger and Dixon 1977, Yarborough 1984a, 
1984b). A blade core found in the Chignik drainage by a private collector may reflect 
affiliation with the earlier Paleoarctic tradition, suggesting an early occupation sometime 
between 5,000 and 9,000 rcy B.P. (Dumond 1992). The earliest radiocarbon-dated site is CHK-
031 at Chignik Lake, which dates to 2600-2800 rcy B.P. There is little evidence of occupation 
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of Chignik Lake and Chignik River until after 2200 rcy B.P, with cultural affiliations evident 
with Aleut peoples to the south. Occupations in the region after 1000 rcy B.P. show greatest 
cultural similarity to Thule-descended groups from the northwest (Corbett 1995; Dumond 
1992). 
Port Moller 
Two regions on the southern Alaska Peninsula have been the focus of considerable 
attention. The first is the embayment of Port Moller where in 1928 Edward Moffat Weyer of 
the American Museum of Natural History (Weyer 1930) investigated a large village site 
centered on a hot springs. The Hot Springs site, with an extensive shell midden and excellent 
faunal preservation, was excavated in 1961 by a group from the University of Wisconsin and 
Meiji University of Tokyo (Workman 1966a) and between 1975 and 1985 by teams from Meiji 
and Hokkaido Universities (Kotani 1980; Okada 1980: Okada and Okada 1974, 2002; Okada et 
al. 1976, 1979, 1984, 1986).  Recent research uncovered problems with many of the original 
dates from the Hot Springs Site (Dumond 2002).  Nineteen new samples were submitted from 
contexts throughout the site, and the site‘s cultural chronology revised, with occupation 
starting over 1000 years later than previously thought (Maschner 2004a).  
The Lower Peninsula 
The second region to receive substantial attention is the southern tip of the peninsula, 
where Allen McCartney of the University of Arkansas started archeological testing in 1971. 
His early survey work in the Izembek Lagoon (McCartney 1974) discovered an Eskimo-style 
house with Bering Sea (Eskimo) style tools in what was presumed to be an Aleut-inhabited 
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region
4
. From these investigations McCartney defined the Izembek phase, which was seen as 
transitional between the Aleut and Bering Sea Eskimo regions. Subsequent researchers found 
larger village sites than originally encountered by McCartney (Klingler 1979; Yarborough 
1980), a larger potential carrying capacity for the region than originally postulated (Dumond 
1987a), and greater time depth (Cooper and Bartolini 1991). Recent work by Maschner and 
associates (Dochat 1997; Jordan and Maschner 2000; Knudsen 2005; Maschner and Hoffman 
2003; Maschner et. al. 1997; Maschner 1999a, 1999b) has delineated an extensive cultural 
chronology for the lower Alaska Peninsula, dating back over 5,000 years.  
Regional Alaska Peninsula Surveys 
The broadest area survey of the Alaska Peninsula was conducted by Dumond (1987b). 
He conducted aerial reconnaissance over portions of four large peninsula national wildlife 
refuges and helicopter-supported ground survey in portions of two, as well as using location 
data available on the State of Alaska Heritage Resources Survey (AHRS), to develop a 
predictive model for archeological sites in these refuges.  
One other survey effort along the Peninsula should be noted. Following the 1989 
EXXON Valdez oil spill one of the spill-related multi-disciplinary SCAT teams surveyed the 
Pacific Coast of the peninsula, focusing largely on the presence of oil and its effects on the 
intertidal region.  These teams, which included archaeologists, added new sites to the AHRS 
site rolls (Haggarty et al. 1991). 
                                                 
4
 Further testing at the whalebone house has shown that the cultural deposits had been mixed by 
the original construction of the house, with one of the point styles discovered predating the house 
occupation.  Its rock foundation and 34 whale mandibles make the house unique in the region 
(Maschner 2004b).     
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Adjacent Areas 
Considerable work has been done on islands adjacent to Pacific coast of the Alaska 
Peninsula. Cultural chronologies have been established for Kodiak Island (Clark 1974, 
Fitzhugh 1996, Knecht 1995), Chirikof Island (Workman 1966b), the Shumagin Islands 
(Johnson 1988, Johnson and Winslow 1991), and are being established for the Sanak Islands 
(Maschner et al. 2005).   
Regional Archeological Traditions 
  The following section introduces the regional archaeological traditions for 
southwestern Alaska and the Aleutians.  The Beringian and Paleoarctic traditions and the 
Nenana and Denali complexes are the earliest cultures found in Alaska.  They date to shortly 
before and after the Pleistocene and Holocene transition, and appear to be the progenitors of 
later terrestrial and maritime cultures.  The Aleutian and Ocean Bay cultures are the early 
maritime cultures of the Aleutians and southern Alaska coast.  The Northern Archaic tradition 
is the term used for the terrestrially adapted population found in most of continental Alaska in 
the mid Holocene.  The Arctic Small Tool tradition is a population that enters Alaska from 
Siberia before 4000 B.P, and is considered to be an early Eskimo progenitor.  The Kachemak 
and Koniag traditions are later Holocene maritime populations of Kodiak and the southern 
Alaska coast.  The Norton and Thule traditions are populations with origins in northwest 
Alaska who move into southwest Alaska in the late Holocene.  
 These cultural traditions are discussed for several reasons.  First, these cultures are the 
parent populations that evolve and combine to form the later Eskimo and Aleut cultures.  We 
need to understand where and how they lived to better understand their later cultural evolution.  
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Secondly, we will discuss these populations again when we look at the cultural effects of 
catastrophic fourth millennium B.P. volcanism on the Alaska Peninsula. 
Beringian Tradition and Later Early Populations 
The questions of when and how the Americas were first peopled, and what Alaska‘s 
role was in that process, have engendered considerable discussion and speculation in the 
literature (see Bever 2006 for a recent overview).  Some researchers, including most 
geneticists, favor an early start before 30,000 years ago (Zegura 2002).  Other researchers, 
including many archaeologists, generally favor the start of human colonization to be after the 
last glacial maximum (~20,000 years ago) and sometime before 12,000 B.P. (Fiedel 1999; 
Goebel 2006; Holmes 2001; West 1996).  Also under considerable debate is how people 
moved into North America, whether across the Bering Land Bridge, along the land bridge‘s 
southern shore (Dixon 1993; Fladmark 1978, 1979), or even across the frozen North Atlantic 
(Bradley and Stanford 2004).   
What to call the earliest cultural groups in Alaska has been a process that is still 
evolving.  The Paleoarctic tradition was a term originally used by Anderson (1968, 1970) to 
describe the earliest stone tool complexes in northwestern Alaska, with the term later extended 
to other areas of Alaska (Dumond 1987a).  These complexes, characterized by bifaces, burins 
and blade cores, were believed to date from before 11,000 to approximately 8,000 rcy B.P.  A 
well-known regional variant of the Paleoarctic tradition is the Denali complex found in the 
Central Alaska Range (West 1975).   
In the 1970s and 1980s older Alaskan sites were found in the Nenana Valley.  These 
sites, dating (at their earliest) between 11,200 and 11,300 rcy B.P, contain core and blade and 
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bifacial technology but lack microblades.  This assemblage of tools was classified as the 
Nenana Complex (Powers et al., 1983; Powers and Hoffecker 1989).  
Currently the earliest dated sites in Alaska are located in the Tanana Valley of central 
Alaska.  Three Tanana Valley sites have dates of 11,800 rcy B.P. (Holmes et al. 1996; Holmes 
1996), with the Swan Point recently dated to >12,000 rcy B.P. (Charles E. Holmes, personal 
communication 2006).   Excavations at Swan Point show a toolkit (including core and 
microblade technology, dihedral burins and flaked mammoth ivory) that is identical to the late 
Pleistocene Dyuktai culture of Northeast Asia.  Holmes proposes that the term Beringian 
tradition, originally coined by West (1981) be used for early sites in Alaska with Dyuktai 
antecedents, and other terms (e.g., Nenana, Paleoarctic, Denali) be used to describe the 
regional variation found in later groups (Holmes 2001). 
Most early archeological components identified in Alaska have been found on 
promontories overlooking areas of big game and waterfowl accumulation. These overlook sites 
are seen to represent the seasonally occupied hunting camps or ―spike‖ camps radiating out 
from a regional base camp (Binford 1980, Powers et al., 1983).  Faunal evidence from these 
sites shows a broad-spectrum utilization of regional species, with a focus on local large 
herbivores and avian species (Anderson 1978; Bowers 1978; Cook 1969; Larsen 1968; Powers 
et al. 1983; Yesner 1996).  
The earliest evidence of people on the Alaska Peninsula comes from the Ugashik Lakes 
region, and dates to over 9,000 rcy B.P. (Henn 1978).  The earliest regional cultural complex is 
designated the Ugashik Narrows phase, part of the Paleoarctic tradition (For Cultural 
Occupation by Region, see Figure 3.1).  Cultural correlates in the Naknek River area to the 
north are called the Koggiung complex (Dumond et al. 1976).  The most southerly evidence of 
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early Holocene core and blade making populations on the Alaska Peninsula is a blade core 
acquired from a collector in the Chignik region.  While undated, this blade core was seen to 
most closely resemble later Paleoarctic materials (Dumond 1992:97). 
It is interesting to note that no human occupations have been discovered in southwest 
Alaska, south of the Chignik region, that predate 8,000 rcy B.P.  It is unclear whether this 
reflects sea level conditions coupled with regional adaptations or merely archaeological sample 
size.  It may be that human populations passed across the Beringian coastline long before this 
time, we merely have yet to find traces of their passing.  It may also be that an ocean pass in 
the Chignik region before 8,000 rcy B.P. blocked terrestrially adapted human populations from 
the Aleutian archipelago, and only after that time did the demise or decline of water gaps 
between islands through isostatic rebound, coupled with increased human adaptation to 
(subarctic) coastal environments, allow movement to the eastern Aleutian Islands.   
Ocean Bay Tradition 
The Ocean Bay tradition is the earliest archeological complex found along both the 
coast of the Gulf of Alaska and the Pacific coast of the Alaska Peninsula.  Ocean Bay 
occupations are dated between 8,000 to 4,000 years ago (Clark 2001a).   The Ocean Bay 
tradition was defined through collections from Kodiak Island (Clark 1979). Related 
occupations are seen in the Takli Alder phase on the Pacific side of the Alaska Peninsula 
(Clark 1977), the Brooks River Strand phase in the upper Naknek River drainage (Dumond 
1981), and the Old Islanders complex of Chirikof Island (Dumond 1987a: 60; Workman 
1966b) and Kachemak Bay (Workman et al. 1993).  Some affiliation or common origin is 
suggested between Ocean Bay and the Early Anangula Phase in the Aleutians (Clark 2001a). 
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Ocean Bay people relied on a subsistence economy strongly focused on marine hunting, 
but also emphasizing the use of near-shore marine fish, birds and other littoral resources as 
well as riverine fishing (Clark 2001a; Steffian 2001). Groups occupying the Alaska Peninsula 
and the Kenai Peninsula also had access to caribou and other large land animals.  
Early Ocean Bay lithic technology is characterized by bifacially flaked tools and both 
macro- and microblades. Occupants on the Alaska Peninsula (Takli Alder phase) utilized a 
flaked projectile point with a triangular-cross-sectioned stem designed to inset into the end of a 
barbed bone point. Ocean Bay lithic artifact assemblages also include stone lamps, cobble spall 
tools, ochre grinders and heavy scrapers. Grooved cobbles are present but uncommon. Later 
Ocean Bay lithic technology sees a dramatic shift from flaked stone to ground slate implements 
made by a distinctive saw-snap-scrape/polish technique. Many stone tool types simply move 
from flaked stone to slate, though some new ones arise, like ground slate ―bayonet‖ points 
(lance or knife blades). Ground slate blades are often marked with patterned lines and notches 
or vestigial barbs. No notched stones have been found, suggesting that instead of nets Ocean 
Bay people harvested salmon in traps and stream weirs. Early organic technology includes 
points grooved for the insertion of microblades, fishhook barbs and prongs, eyed needles and 
wedges. A barbed harpoon head with a line guard but no line hole is common throughout the 
tradition (Clark 2001a, Dumond 1987a, Workman 1980). Distinct red-ochre-stained floors 
distinguish Ocean Bay houses, particularly early ones (Clark 1979, 2001a; Clark 1977; 
Dumond 1987a). 
Northern Archaic Tradition 
People associated with the Northern Archaic tradition inhabited the Ugashik and 
Naknek regions of the Alaska Peninsula by approximately 5000 B.P. Regionally these 
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Northern Archaic assemblages are called the Ugashik Knoll phase in the Ugashik area (Henn 
1978) and the Graveyard and Brooks River Beachridge phases in the Naknek area (Dumond 
1981: 189). The Northern Archaic occupation may have lasted more than 1000 years (Dumond 
1981:189), with terminal dates in the Brooks River region of approximately 3900 rcy B.P. 
(Dumond 1981:114).  The Northern Archaic people are generally considered to have been 
nomadic hunters of large terrestrial game, particularly caribou. Northern Archaic sites are 
generally located in river valleys and on bluff tops, the later presumably chosen as sites from 
which to watch for migrating game. 
The tool that is generally considered to serve as a typological marker for the Northern 
Archaic tradition is the side or corner-notched projectile point, best illustrated by artifacts 
found in the Palisades II component at the Onion Portage site on the Kobuk River (Anderson 
1968, 1986). Unifacially-flaked knives and endscrapers usually accompany these points. Over 
time the projectile points become shorter, and are found with large notched cobbles, apparently 
hafted for use as axes or clubs. In later deposits the bases of the side-notched points evolve into 
stems shaped by corner notching, sometimes accompanied by notched, water-worn pebbles 
(Dumond 1987a). Traditional Northern Archaic points tend to be thicker than the range known 
for arrow points (Thomas 1978; see also Shott 1997). Presumably these points were used on 
light spears (darts) propelled by atlatls.  
In some assemblages Northern Archaic notched points are found in association with 
microblades, while in others microblades are absent. Component IV at Dry Creek includes a 
notched point component with no evidence of microblades. The excavators were cautious in 
their assessment of this fact, noting the excavation may have merely missed the section of site 
with microblades present, or that the inhabitants may have had the technology but not utilized 
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it in that location (Powers et al. 1983:396). The Tuktu assemblage in the Brooks Range yielded 
Palisades-like side-notched points in association with microblades from tabular cores 
(Campbell 1961). Another assemblage in the Brooks Range has several elements in common 
with the Tuktu complex, including microblades, tabular microcores, and side-notched points 
(Schoenberg 1985). The excavator of the latter site concluded that the assemblage reflected 
interaction between Northern Archaic peoples and groups using microblades and related 
technologies (Schoenberg 1985:152). Other researchers see microblades and notched points as 
part of a single cultural unit (Dumond 1987a: 52). In the Ugashik region, side-notched points 
are associated with microblades, as well as possibly with ground slate projectile points (Henn 
1978:40). 
The Northern Archaic tradition is a series of shared traits and a shared adaptation tied to 
the expansion of the northern forest during the Thermal Maximum.  Northern Archaic 
populations are believed to be a mix of Paleoarctic populations and more southerly American 
populations that moved north during warming times (Dumond 1987a: 54).  It is inferred that 
later Athabascan people are descended in large part from Northern Archaic populations 
(Dumond 1987a: 52-53). 
Arctic Small Tool Tradition 
Variants of the Arctic Small Tool tradition (ASTt) are found across the top of North 
America during the fourth millennium B.P. Its broad dispersal and relatively short time depth 
have led some to observe that it should be called an archaeological horizon, not a tradition 
(Davis and Knecht 2005:52).  Arctic Small Tool assemblages are known from Greenland to the 
Kenai and Alaska Peninsulas, with movement of people from the Bering Strait reaching 
northern Greenland by approximately 4000 B.P. In Alaska these tools were first identified in 
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an assemblage at Cape Denbigh (Irving 1962). The resultant Denbigh Flint complex has come 
to be seen as a regional variant of the Arctic Small Tool tradition. 
Arctic Small Tool subsistence in northern Alaska seems to have revolved around the 
seasonal taking of caribou at interior sites and possibly seal hunting at coastal sites. Evidence 
from Southern Alaska suggests an additional reliance on runs of migrating salmon.  Camps 
along and near the coast were apparently temporary, with small fires and restricted artifact 
zones suggesting the use of tents. Permanent houses, intended for winter occupation, are 
known only from mountain passes or upper river drainages between 50 and 250 km from the 
coast, where caribou, salmon, or both were available in large numbers (Dumond 1987a). Most 
Arctic Small Tool houses appear to have been square in plan, but later ―Classic Denbigh‖ 
houses were round. Houses in the upper Naknek drainage were generally 4 m square and set in 
a shallow basin dug up to 50 cm into the ground surface, sometimes with a tunnel-like 
entryway that sloped down to one wall of the house (Dumond 1981:122-126).  
Arctic Small Tool people are known for their very small, finely pressure-flaked tools. 
Collections usually include bipointed endblades and sideblades, burins struck on small bifaces, 
microblades, scrapers, and large knife-like bifaces. Other tools include small, flaked adze 
blades with polished bits, polished burin-like implements, and burin spalls used as graver tips 
(Dumond 1987a, 2001b). Researchers have presumed for years the small, finely made bifaces 
were arrow points (Dumond 1987a: 79), probably utilized for the harvesting of caribou. 
Support from this view has come from an island in west Greenland, where frozen Arctic Small 
Tool deposits have preserved fragments of arrows and sinew-backed bows (Grønnow 1994: 
217).   
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The Arctic Small Tool people are thought by some researchers to replace the Northern 
Archaic tradition in places where they overlap, with the latter withdrawing into the forested 
regions farther inland (Dumond 1987a). Replacement details are uncertain, but it is possible 
that the bow-wielding newcomers were able to out-compete the existing Northern Archaic 
people, armed as they may have been with atlatl and dart.  
Evidence of the Arctic Small Tool tradition is found a number of places in southern 
Alaska, most dating at or after 4000 rcy B.P. Small, finely made tools from Kachemak Bay 
dating to approximately 4000 rcy B.P. have been assigned to Arctic Small Tool expansion 
(Workman 1998; Workman and Zollars 2002). Similar materials in northern Bristol Bay are 
termed the Brooks River Gravel phase and, to the south, the Ugashik Hilltop phase. The 
Brooks River Gravels phase in the Naknek drainage lasts from about 3800 to 3100 rcy B.P. 
(Dumond et al. 1976). The Ugashik Hilltop Phase in the Ugashik region lasts from about 3900 
to terminate approximately 3400 rcy B.P, with some Hilltop phase deposits capped by a 
volcanic ash (Ash IV) (Henn 1978). The termination of the Ugashik Hilltop phase appears to 
correspond with the dates for the caldera-forming eruption of the Aniakchak Volcano, though 
this assessment is based on few dates and what was a preliminary survey of the Ugashik region 
(Don Dumond, personal communication 2003).  Ash 3‘s dispersal pattern and grain size 
support an Aniakchak source, though the microprobe data is less supportive of this (Jim Riehle, 
personal communication 2003).  The Russell Creek phase on the lower Alaska Peninsula 
contains microblades, microblade cores, and bipointed and stemmed endblades, and is 
considered by its excavators to be a southern Arctic Small Tool manifestation (Maschner 
1999b, Maschner and Jordan 2001).  Other researchers view it as a group of northern traits in 
an otherwise Aleutian-related assemblage (Dumond 2001a, 2005a; Workman and Zollars 
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2002). The dates for the Russell Creek phase range from ~3500-3300 B.P. (3110±50 to 
3335±55 rcy B.P.) (Maschner and Jordan 2001:153), occurring after the Arctic Small Tool 
occupation at Ugashik, suggesting cultural influences brought by people pushed south, 
abandoning a region racked by catastrophic volcanism. 
A climatic cooling during the mid fourth millennium B.P. may have added a ―pull‖ to 
encourage ASTt populations south.  Arctic Small Tool populations were already 
technologically adapted to hunting of prey species found along the edge of seasonal pack ice.  
With Neoglacial cooling and the southward extension of the ice pack these species were 
seasonally present as far south as the Aleutians (Davis and Knecht 2005).   
The ASTt population had another technological advantage that may have facilitated 
their move into already (humanly) occupied environments.  The use of the bow and arrow 
undoubtedly gave ASTt groups a ―social‖ advantage in interactions with other groups.   
The Arctic Small Tool tradition is believed to represent an Asian Eskimoid population 
that enters Alaska with a distinct stone flaking technology, toolkit, and adaptation focused on 
the hunting of caribou and ice-edge sea mammals.  The tradition is generally seen to be the 
precursor of later Eskimoid groups in North America, with notable contributions to the later 
Norton culture in western Alaska (Dumond 1987a: 92, 103). 
Aleutian Tradition 
 Until recently the Aleutian tradition included only middle and late Holocene human 
populations from the central Alaska Peninsula westward (McCartney 1984), being those ―artifact 
assemblages west of the slate-polishers of the Kodiak tradition and dating-in different places-
from after 2500 or after 2000 BC‖ (Dumond 1987a: 66).  This interpretation has recently been 
revised by Knecht and Davis (2001), based on their work on Unalaska Island.  The revised 
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Aleutian tradition includes the former Anangula tradition, pushing the Aleutian tradition back in 
time to encompass the complete Holocene human occupation of the Aleutian Islands and lower 
Alaska Peninsula.  The revised Aleutian tradition has five phases: Early Anangula, Late 
Anangula, Margaret Bay, Amaknak, and Late Aleutian (Knecht and Davis 2001:271). 
 The Early Anangula Phase (9,000-7,000 B.P.) is represented by the Anangula Blade site 
on Ananiuliak Island, off Unmak Island, as well as the Russian Spruce and Oiled Blade sites on 
Hog Island in the Unalaska Island region.  Early Anangula Phase sites lie on small islands just 
off a larger neighboring island, on locations 12-35m above the modern shoreline.  The stone tool 
assemblage is dominated by core and blade technology, including both large prismatic blades 
and microblades.  Other tools include grooved cobble sinkers, ocher grinders, stone bowls, oil 
lamps, endscrapers, transverse burins, and retouched blades, with all retouch being unifacial.  No 
organic artifacts have yet been recovered from Early Anangula Phase sites (Knecht and Davis 
2001:271-273).  
 The Late Anangula Phase (7,000-4,000 B.P.) is seen as an extension of the earlier phase, 
with the same artifacts continuing and others being added.  Late Anangula Phase sites are found 
on lower landforms, ranging from 8 to 20 meters above current sea level. Additional tools 
include stemmed projectile points, large bi-pointed bifaces and bell-shaped scrapers, polished 
burins, mitten burins, and gravers, and the appearance of bi-facial flaking.  Bone artifacts include 
bilateral barbed harpoons with line guards, composite fish hooks, eyed needles, and throwing 
board pins.  Houses appear to be the shallow subterranean type (Knecht and Davis 2001:271, 
273-274). 
 The Margaret Bay Phase (4,000-3,000 B.P.) is represented by sites found on fossil 
shorelines 8-10 meters above modern sea level.  Blades and microblades are evident, though the 
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microblades decline through time.  Stemmed points are replaced mid-phase by small bullet-
shaped points.  Stone bowls are still common in this phase, as are notched stone net sinkers and 
plummet stones.  Organic artifacts include unilaterally barbed harpoon points, bone socket pieces 
and adze blade holders.  Houses are round to oval, with the semisubterranean section lined with 
stone slabs (Knecht et al. 2001; Knecht and Davis 2001:275-276). 
Arctic Small Tool tradition-like tools occur in the Margaret Bay phase, including 
microblades, ground adze bits, beaked endscrapers, ground burins, and small points with fine 
parallel flaking  (Davis and Knecht 2005:53; Knecht and Davis 2001:276).   These tools appear 
in the eastern Aleutians at approximately 3300 rcy B.P. (Davis and Knecht 2005), the same time 
that they appear on the southern Alaska Peninsula.  
Contact with other regions of Alaska during the Margaret Bay Phase is not limited to the 
Bristol Bay coast of the Alaska Peninsula.  Evidence of contact with the Pacific coast of the 
Alaska Peninsula and Kodiak come from ground slate ulu (curved knife) and lance blades, 
ground jet ornaments and exotic lithics (Knecht and Davis 2001:276).      
 The Amaknak phase (3,000-1,000 B.P.) is illustrated by sites found on beach ridges and 
spits that formed after a drop in sea level of several meters after 3,000 B.P.  In commenting on 
the wealth of tool types found in this phase, researchers note, ―The Amaknak phase represents 
the high-water mark of the Aleutian tradition in terms of the sheer variety in lithic and bone 
tools‖ (Knecht and Davis 2001: 278).  Lithic tools included both stemmed and leaf-shaped lithic 
projectile points, several types of symmetrical and asymmetrical knives, and cobble spall 
scrapers.  Organic artifacts include unilaterally and bilaterally barbed harpoons. Line holes and 
toggling harpoons make their appearance during this phase.  Core and blade technology, along 
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with burins and heavy stone bowls found in earlier phases drop from use.  Amaknak phase 
houses are generally rectangular with occasional side rooms (Knecht and Davis 2001:277-278). 
 Large V-shaped trenches, termed umqan, date from the Amaknak phase.  While their 
function is uncertain, they are sometimes associated with human burials, suggesting significant 
changes in belief systems or social organization during this time (Knecht and Davis 2001:277).  
 The Late Aleutian Phase (1,000-200 B.P.) occupations in the eastern Aleutians usually 
top the massive midden mounds near the current shoreline.  Longhouses, ranging from 20 to 70m 
in length, with attached side rooms, come into use at this time, as do sites on fortified sea stacks
5
 
or refuge rocks (Knecht and Davis 2001: McCartney and Veltre 2001).  This phase‘s toolkit is 
characterized by abundant ground slate artifacts, largely in the form of straight-edged and semi-
lunar shaped ulu blades, though long ground slate lance heads similar to those used by the 
Alutiiq to the east for whaling appear in late prehistoric contexts (Knecht and Davis 2001:278-
279).  
   Aleutian stone tools were dominated throughout the tradition by flaked stone knives and 
points. Ground slate is a relatively late arrival in the region and is generally only seen in some 
variation of ulu form (Dumond 1987a; Maschner 1999b). Flaked stone tool forms include 
projectile points, hafted knives, scrapers and adzes. Oil lamps and notched fishing sinkers 
comprise the pecked stone tools. Bone and ivory items include unilaterally and bilaterally barbed 
harpoon and spear points, socket pieces, eyed needles, fishhook components, and splitting 
wedges. Decorative items include bone and ivory pins, stone and ivory labrets, as well as amber 
and lignite beads. Houses were generally single room semi-subterranean structures with a roof 
entry.  The last millennium B.P. saw the appearance of both large houses with attached side 
                                                 
5
 A sea stack is an isolated rock standing just offshore. 
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rooms (―nucleus-satellite‖ houses) (Maschner 1999a) and longhouse forms (McCartney and 
Veltre 2001; Veltre and McCartney 2001).  
Aleutian subsistence practices varied from site to site, but generally were based on sea 
mammals, marine fish, invertebrates, and birds. Some marine mammals like fur seals and 
whales were more common in the eastern Aleutian region, with caribou and bear available on 
the Alaska Peninsula and Unimak Island (Dumond 1987a). Salmon was an important resource 
on the lower peninsula. Recent research suggests intensive salmon utilization may explain very 
highly concentrated village populations during certain time periods (Maschner 2001).  
Substantial assemblages of Aleutian Tradition materials have been found at lower 
Alaska Peninsula sites and in the Port Moller region.  Recent work on the lower peninsula has 
identified occupations going back almost five thousand years. Most materials seem to follow 
the general Aleutian pattern, but with periodic northern influences as well. Work by Maschner 
and others in the Izembek Lagoon and adjacent lagoons and bays delineated numerous cultural 
phases for the region, with the most recent iteration by Maschner (2004b). The Moffet phase 
(5000-3700 B.P.) shows a resource base focusing on salmon but also heavily utilizing cod and 
marine mammals. Lithic tools are generally bifacially flaked, with notched or stemmed points, 
ovoid knives, hafted knives or scrapers, and notched net sinkers. The Russell Creek phase 
(3500-3300 B.P.) is seen by its excavators to be intrusive into the Aleutian tradition, with 
characteristics more Arctic Small Tool-like than Aleutian (Maschner 1999b, Maschner and 
Jordan 2001). The succeeding Kinzerof phase (3300-2500 B.P.) is seen to be essentially a 
continuation of the Moffet phase with similar subsistence patterns and technology (Maschner 
1999b: 93).  
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After a 300 year hiatus in the archeological record believed to be caused by a seismic 
event (Jordan and Maschner 2000), human population in the region increased beyond previous 
numbers, with large villages in the Early Izembek phase (2200-1600 B.P.) showing the 
beginning of organization into house compounds.  These house depressions have been termed 
―nucleus-satellite‖ depressions (Maschner et al. 1997). Traditional Aleutian bifacial basalt 
tools are found in oval houses alongside others houses with tunnel or ramp entrances that 
contain distinctly Eskimo ground slate knives and pottery fragments (Maschner 1999b). The 
Late Izembek phase (1250-875 B.P.) shows a similar pattern, with Aleutian style houses and 
technology with some ground slate tools and pottery. Villages are smaller, and some locations 
were apparently occupied for defensive purposes (Jordan and Maschner 2000; Maschner 
1999b).  
The three succeeding phases between the Late Izembek phase and historic contact show 
a different pattern of regional interaction. In these phases (Cape Glazenap, Big Lagoon, and 
Morzhovoi) no pottery has been found. House styles change, with ―nucleus-satellite‖ houses 
present, dropping out during the Big Lagoon phase, and coming back during the Morzhovoi 
phase. This house style, found from Unimak Island to a location just northeast of Port Moller 
as well as on the Naknek River and on Kodiak Island, appears to reflect the development of 
ranked societies across the broad region (Maschner 1999a, 1999b: 97).  
Considerable archeological research was done in the Port Moller region during the 
twentieth century, but little synthesis has been published (Workman 1966a; Okada 1980). 
Research in this region has focused on the Hot Springs Site, a sand spit that projects into the 
Port Moller embayment and is fronted by a volcanic cliff. The approximately 250 surface 
features at the site are arranged around a hot spring. Original dating of site deposits suggested 
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that people, possibly with cultural roots in the Ocean Bay tradition (Workman 1966a: 145), 
settled this region by or shortly after 5000 B.P. (Okada and Okada 1974; Okada et al. 1979) 
Analysis identified three periods of occupation: Port Moller I (dated by the excavators to 3500-
3000 B.P, but thought to range back at least another 1000 years), Port Moller II (about 1500 
B.P.), and Port Moller III (first millennium B.P.) (Okada 1980).  
Grooved and perforated stone weights, flaked stemmed points, and (possibly) round to 
oval houses characterized the oldest period at the Hot Springs Site. The middle period saw the 
appearance of notched stones, triangular flaked points, toggling harpoon heads, and human and 
animal figures carved in ivory. Houses appear rectangular, with clay-lined pits, and no evident 
side entry (Dumond 1987a: 67). The late period assemblage was generally seen to resemble the 
middle period (Okada 1980). Ground slate artifacts are rare, with one example known from 
each of the later two periods. No pottery was found at the Hot Springs site. 
Some technology seems to stay similar through time. A thick flaked knife with semi-
lunar blade and contracting handle, and a bone harpoon dart head with a single unilateral barb, 
no line hole and a basal knob or swelling, both remain unchanged through all three periods 
(Okada 1980: 109, figure 3). Flaked stone (commonly basalt) is the dominant technology and 
lithic medium used (Workman 1966a:137; Okada 1980:107). 
The consistency of the Hot Springs radiocarbon dates was recently questioned by 
Dumond (2002).  This prompted another researcher to run 19 new radiocarbon samples from 
archived Hot Springs material (Maschner 2004a).  This redating showed that 23 dates from the 
original lab were definitely erroneous, and a number of others were out of sequence enough to 
suggest contamination by coal.   
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The changed chronology shows three distinct occupational periods, separated by 
significant hiatuses.  Maschner‘s Hot Springs I ranges from 4000 to 3000 B.P, with changes in 
artifact assemblages at 3600 B.P. and 3300 B.P.  Hot Springs II ranges from 1900 to 1200 B.P, 
with IIa ranging from 1900 to 1700 B.P, and IIb ranging from 1500 to 1250 B.P.  Hot Springs 
III is represented by a single date at 600-700 B.P. (Maschner, Okada and Okada 2002, 
Maschner 2004a).   
The site is seen to represent primary affiliation with Aleutian cultures from the south, 
but with evidence of northern influences as well (Dumond 1987a; Dumond et al., 1975; 
Maschner and Jordan 2001; Okada 1980; Workman 1966a:145).  Materials from Trench T-4 
and T-7 at the Hot Springs site have been noted to have Arctic Small Tool tradition affinities 
(Dumond 2001a, 2002; Maschner and Jordan 2001; Maschner 2004a).  
The Kachemak Tradition 
The Kachemak tradition is the archeological representation of a maritime-adapted 
people found in the Gulf of Alaska from approximately 3800 B.P. until after 1000 B.P. (Clark 
2001b; Dumond 1987a; Saltonstall and Steffian 2006). Frederica De Laguna ([1934] 1975) did 
the pioneering work on this tradition in Kachemak Bay, with the term Kachemak tradition 
given to the regional assemblages in recognition of the precedence of her work (Clark 1966; 
Workman 2006). This tradition is represented by regional sub-traditions: Early and Late 
Kachemak on Kodiak Island (Clark 1997), Periods I, II, Sub-III, and III in Kachemak Bay (De 
Laguna [1934] 1975, Workman 1992; 1998; 2002), Riverine Kachemak on the Kenai 
Peninsula (Reger 1977), and the Palugvik phase in Prince William Sound (De Laguna 1956). 
Related groups include the Takli Birch and the Takli Cottonwood phases on the Alaska 
Peninsula (Dumond 1981). 
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Kachemak subsistence was based on fishing and marine mammal hunting, though the 
utilization of birds, other mammals and the littoral zone are also indicated. Harbor seal and 
harbor porpoise were the most commonly taken sea mammals. Salmon remains are common in 
Kachemak riverine and stream mouth sites, while Pacific cod dominate the marine fish 
assemblages. Settlements were generally confined to the coast, with the exception of those 
located on major salmon-spawning drainages. Some coastal sites were only occupied during 
salmon runs, while others were year-round villages. These main settlements are generally 
located in the lee of headlands and smaller islands (Clark 2001a), allowing access to littoral 
and near-shore marine resources during a variety of weather conditions. Early Kachemak house 
floors were shallowly excavated into the subsoil and generally rectangular, while later 
dwellings are square, measuring about 4 m on a side. Later houses on Kodiak often had a slate 
slab hearth, with entrance passages up to the length of the main room of the house. Kodiak 
house features also included clay-lined pits, clay and cobble-lined basins, and clay aprons 
adjacent to hearths (Clark 2001b; Steffian 1992). 
Early Kachemak is distinguished from the preceding Ocean Bay tradition by the advent 
of several new technologies. In early Kachemak slate working changes from the sawing out of 
rectangular slate bars for grinding, to roughing out by flaking and then grinding. With early 
Kachemak we see the use of notched pebble weights, as well as grooved cobble weights, 
especially the necked or plummet type (Clark 1997). Ground slate tools generally predominate. 
The semi-lunar ulu-style knife associated with Eskimo culture becomes common. With 
Kachemak we see the addition of drilled holes in slate and bone implements. By this time 
barbed bone points usually have a line hole instead of a flared base for the attachment of a line, 
and toggling harpoon points come into use. Bone tools are common, and include eyed needles, 
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awls, barbed arrowheads, wedges, adze sockets, and composite tools including fishhook shanks 
and barbs. Cobble spall tools are ubiquitous (Clark 2001b; De Laguna [1934] 1975; Dumond 
1987a).  
Later Kachemak assemblages show an increase in decorated items, reflecting an 
increase in ceremonialism and possibly status differentiation. Pecked and ground stone lamps 
are common in Kachemak assemblages, with later examples being quite large, with animal or 
human figures or body parts sometimes rising from the bowls interior. Items of personal 
decoration include pendants, beads, nose and ear rings and labrets crafted from materials like 
jet, amber and shell. Many of these materials, as well as caribou antler, were not available in all 
Kachemak areas, showing an active trade network operating largely within the Kachemak-
inhabited region (Clark 2001b: 75). Late Kachemak is also known for the post-mortem 
modification and decoration of human skeletal remains, presumably the reflection of an 
elaborate mortuary complex (Simon 1992; Simon and Steffian 1994).  
The Takli Birch and Cottonwood assemblages on the Pacific Coast of the Alaska 
Peninsula show strong associations with Kachemak assemblages. But by the Takli Cottonwood 
period (1800-1500 B.P.) the upper Pacific coast of the Alaska Peninsula was showing cultural 
influence from the Bristol Bay region. Small flaked projectile points and the unequivocal 
addition of fiber-tempered pottery have caused scholars to place the succeeding Kukak Beach 
phase (1500-1000 B.P.) in a different tradition, one dominated by Norton influences, though 
with a Kachemak-related base (Clark 1977; Dumond 1987a). A mix of in-situ and external 
influences appears to shape the Kachemak occupation on Kodiak Island into the following 
Koniag culture (Dumond 1987a, Jordan and Knecht 1988). 
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The Norton Tradition 
The Norton tradition represents an Eskimoid people focused on the hunting of caribou 
and seals.  This tradition may have evolved in part from the Arctic Small Tool tradition in 
Northwest Alaska after 3000 B.P. The Norton tradition (called Near Ipiutak in the north) is 
found from Point Barrow to the upper Alaska Peninsula, with some researchers finding 
suggestions of later Norton on the southern Alaska Peninsula (Dumond 2001a; Maschner 
1999b). 
Norton subsistence south of Bering Strait included an important third element; the 
harvesting of salmon, inferred from the considerable number of net sinkers found at sites. The 
addition of the netted salmon to Norton subsistence is seen as an enabling factor in the Norton 
expansion into the Yukon-Kuskokwim Delta and northern Bristol Bay (Shaw 1982).  
Norton has been defined by three specific archaeological characteristics: ground slate, 
use of chipped stone side blades in harpoon-sized weapon heads, and fiber-tempered, check 
and linear stamp ceramics (Workman 1982:103). Workman (1982:104-106) has added a list of 
13 defining traits. These include stemmed projectile points, slender lanceolate points, flake 
knives, discoids/bifacial endscrapers, stone lamps, triangular side or inset blades, flaked and 
ground drill bits, polished burins/groovers, shaft smoother abraders, large pebble net sinkers, 
facial grinding of hard stone bifaces, ground slate ulus, and two-to-four-sided abraders of soft 
stone. Secondary defining traits for Norton include preference for basalt or other coarse-
grained stone, steeply beveled adzes, large medial labrets, self-armed open socket harpoons, 
trilobate blunt arrowheads, arrowheads with slits at each end, barbed fish spears, and side-
bladed arrowheads (Workman 1982).  
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The early Norton occupation in the Naknek area is seen about 2300 B.P. in the Smelt 
Creek phase, and a century or two later in the Ugashik Lakes phase in the Ugashik Region 
(Dumond et al. 1976). The subsequent Norton phase at the Ugashik Lakes persists until at least 
the first half of the second millennium B.P, and correlates with the Brooks River Weir phase to 
the north (Dumond 1981:25) and the Beach phase on the Katmai coast (Clark 1977). Evidence 
of Norton pottery has been found on the Pacific coast of the peninsula at Kujulik Bay (Dumond 
1992:96), as well as the lower Alaska Peninsula, where Norton style tools and houses have 
been found in the midst of otherwise Aleut villages (Maschner 1999b). 
Thule, Koniag and Related Traditions 
Occupations on the northern Alaska Peninsula in the last millennium have been either 
derived from, or were strongly influenced by the Thule culture, the origins of which lie to the 
northwest in the Bering Straits. Thule peoples possessed gravel-tempered pottery and many 
ground slate tool forms, as well as a knack for designing very specific tools and implements to 
optimally perform many specific tasks. Thule-related people appear to expand their 
occupational area dramatically sometime before 1000 B.P, moving within the span of several 
centuries from Norton Sound south to the Alaska Peninsula. Thule traits appear in the Naknek 
River region by 1100 B.P. Early Thule populations on Bristol Bay include the 
contemporaneous Ugashik River and Brooks River Camp phases (Henn 1978:12; Dumond 
1981:25), with a related occupation, the Mound phase, on the adjacent Pacific Coast (Clark 
1977). Later people in the Naknek region (Brooks River Bluffs phase) appear to be descended 
from the previous Camp phase. Thule is believed to have mixed with the earlier Norton culture 
to create an amalgam (Dumond 1987a: 136).  
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The origin and evolution of the Koniag tradition on Kodiak Island has prompted 
considerable speculation and debate, especially in regards to the question of in situ 
development versus in-migration from off-island.  Some researchers working on Kodiak 
commonly see in situ development as the primary mechanism of cultural change. 
Archaeological excavations on northern Kodiak in the Karluk area support interpretation of the 
evolution of the Koniag culture out of the preceding Kachemak tradition (Jordan and Knecht 
1988).  While researchers commonly acknowledge cultural input from the Alaska Peninsula 
and Bering Sea, some see this happening with little in-migration of people onto Kodiak (Clark 
1988; 1992) and some see the cultural changes as great enough to require a significant 
population movement onto the island (Dumond 1988a; 1998a; Dumond and Scott 1991).  
Archaeological and historic evidence of the Koniag society show many cultural similarities 
(including a closely related language) to Eskimoid groups from the southern Bering Sea (Lantis 
1947, Dumond and Scott 1991).  Yupik-related dialects were adopted on Kodiak Island, as well 
as across the northern Alaska Peninsula and in Prince William Sound (Dumond 1988a: 386).  
Koniag connections to the Alaska Peninsula are also seen in similar slate and bone projectile 
points, slate knives, house styles, and (in southwest Kodiak) a shared pottery style (Clark 1974; 
Clark 1977; Dumond 1998b).  The pottery, found in sizeable quantities only in archaeological 
sites on southwestern Kodiak, was utilitarian in nature and used primarily for cooking.  This 
would seem to suggest actual movement of some Thule-related populations to the southern end 
of the island, possibly from the Becharof Lake region of the Alaska Peninsula (Dumond 1998a; 
Dumond and Scott 1991).   
Much of the change between Koniag and the earlier period is stylistic, with Koniag 
artifacts seemingly less carefully made. Holes go from carefully drilled to roughly gouged; 
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there is less ornamentation, and objects of art and most of the elaborate Kachemak mortuary 
practices disappear (Clark 1974, Workman 1980). Additions include incised slate tablets and 
whaling darts with slender ground slate tips. Large notched cobbles replace the smaller notched 
pebbles of the Kachemak Tradition (Workman 2008, personal communication). A greater 
emphasis is put on woodworking in Koniag times, for more adze blades and bone wedges are 
found, and large grooved splitting adzes appear (Clark.1994). Massive accumulations of fire-
cracked rock mark the appearance of the vapor-type sweat bath at this time. Later Koniag 
houses were large rectangular dwellings with smaller rooms along the outside of each wall, 
sometimes joined to the main room by a short, cold-trap passage (Knecht and Jordan 1984, 
Saltonstall 1997).  
 This section has presented a relatively brief overview of the Holocene prehistory of 
southwestern Alaska.  This overview is presented to provide a cultural framework within which 
we can understand the ecological and cultural effects of the fourth millennium B.P. volcanism.  
We need to understand the cultural groups and their particular ecological adaptations to 
understand how and why these populations moved or changed after this volcanism.  We also 
need to understand how the Eskimo and Aleut groups developed, and how the barrier put in 
place by the fourth millennium B.P. volcanism, particularly the Aniakchak 3400 rcy B.P. 
eruption, helped shape the ethnogenesis of these two populations.  The following section 
evaluates the linguistic, biological and archaeological data pertaining to the separation of Eskimo 
and Aleut populations.  The chapter continues with a discussion of the archaeological visibility 
of social boundaries and population movements, and ends with a summary.  
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Evidence for Separation of Eskimo and Aleut Peoples 
The origins of the Eskimo and Aleut cultures and the timing and causes of the division 
between them have long been points of interest for northern researchers (Dumond 1965, 1977, 
1987c, 2000; Dumond et al. 1975; McCartney 1969, 1974; Workman 2004).  The timing for the 
separation of the Eskimo and Aleut populations depends in part upon which parent population 
one sees as the origin for the Aleut, Eskimo and Na Dene cultures, and the Holocene 
interrelationships between them.  Did Eskimo and Aleut share an early or middle Holocene 
parent population in Southwest Alaska?  Did Eskimo mix with Aleut after a mid Holocene 
arrival from Siberia?  Do Aleut and Na Dene share a parent population, or are they merely 
related by periodic contact throughout the Holocene?  Researchers have addressed these 
questions using linguistic, biological, and archaeological data.   
Linguistic Data 
Marsh and Swadesh in the early 1950s used glottochronological techniques to place the 
separation of the Eskimo and Aleut language families at approximately 4000 years ago (Marsh 
and Swadesh 1951).  Later linguistic studies placed the separation between the two languages at 
various times from 2900 to 6000 years ago (Bergsland 1958; Swadesh 1958).  Other linguistic 
work has placed the date of separation between 2000 and 6000 B.P. (Woodbury 1984), with a 
recent work placing the separation at 6,000 B.P. (Fortescue 1998).  The landmark paper on the 
settling of the Americas by Greenberg et al. (1986) places the range of linguistic divergence 
between Eskimo and Aleut similar to Woodbury, with probable divergence at 4000 B.P.   
Recent linguistic work suggests that a simple division between Eskimo and Aleut is not 
all that is reflected in these languages, with evidence of a connection that the Aleut language 
shares with certain Northwest Coast languages but not other cultures.  Leer (1991) uncovered 
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unique syntactic elements that were shared by Aleut and Eyak, Haida and Tlingit, but not Yup‘ik 
Eskimo, suggesting significant contact between coastal groups along the North Pacific.  
Biological Data 
Early cranial analysis by Hrdlička (1930) concluded that Aleuts were more closely 
related to occupants of Kodiak and the Northwest Coast than to Eskimos.  Later cranial analysis 
appeared to support Hrdlička‘s results.  Neumann (1952) felt the Eskimo had a distinctive cranial 
morphology that separated it from the ―Deneid‖ (Na Dene) type, with the Aleuts belonging to the 
later.  Other researchers reanalyzed Hrdlička‘s measurements, determining that the Aleut 
clustered most closely with the inhabitants of Kodiak Island and the Northwest Coast (Brennan 
and Howells 1976, unpublished paper cited in Ousley 1995).  Ossenberg (1994) believed the 
cranial evidence showed that the Aleut and Na Dene were both descendants of ―Paleoarctic 
Amerinds‖, and the Aleut were a relic population of these Paleoarctic people.  Her research 
suggested that the Eskimo were related to a later population of people, the ―Neoarctic 
Amerinds‖, who arrived in several pulses after 4500 B.P, with the Na Dene being a mix of the 
Paleoarctic and Neoarctic populations (Ossenberg 1992, 1994).   
Other morphological data seem to indicate greater similarities between Aleuts, 
Amerindians, and certain Eskimo groups.  Anthropometric analysis by Szathmary (1979) showed 
the Eskimo samples from northwest Alaska, St. Lawrence Island, and southern Alaska to be 
more similar to some Amerindian samples than to other Eskimo.  This same study showed the 
Aleut samples being closer to Athabascans, Labrador Indians and Yup‘ik Eskimos than to other 
Eskimos.  This picture has been largely supported by Ousley (1995), based on the analysis of a 
large body of anthropometric data collected by Boas during the Jesup North Pacific Expedition 
as well as later materials collected by Boaz and Hrdlička.  Analysis of this data shows the 
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southwest Alaskan Eskimo closer to the Aleut, the Bella Coola, the Kwakiutl and the St. 
Lawrence Island Eskimo than to any other Eskimo groups.  Group clustering from the dental data 
differs somewhat from the above, pairing Aleut with Alaskan, Greenland and northeast Siberian 
Eskimo and Athabascan (Greenberg et al. 1986).  
By the 1970s the ancestral relationships between Arctic populations had begun to be 
addressed by blood serum and mitochondrial DNA analysis.  This analysis has been both very 
complex and somewhat hard to access for non-specialists, as well as contentious, with authors 
drawing different conclusions based on portions of the same data (Greenberg et al 1986).   One 
early work by Harper used erythrocyte enzyme and serum protein data to develop a model for the 
origins and divergence of Native American populations (1980).  This model suggested the 
Eskimo and Aleut evolved from an ancestral group shortly after 10,000 years ago, with the 
subsequent bifurcation into Yupik and Inuit at about 5000 B.P.  This was followed shortly by 
other genetic work that suggested the Yupik had much greater genetic diversity than Inuit, 
supporting the theory that Eskimo populations in southwest Alaska have considerable time 
depth, and that Inuit populations are relatively recent descendants of an eastward Thule 
migration (Crawford and Enciso 1982; Scott and Wright 1983). 
Mitochondrial DNA haplogroup studies have contributed considerably to the debate on 
the relationship between Aleut and Eskimo populations.  MtDNA analysis by Saillard et al. 
(2000) and Derbeneva et al. (2002) suggest that both Aleut and Eskimo derive from a common 
Beringian ancestor sometime in the post-glacial period.  Derbeneva suggests that the founding 
population for the two originated in southwest Alaska, with the two ―subdivided coastal 
populations …persisting in a highly restrictive geographic area‖ (Derbeneva et al. 2002:420).    
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Variation in mitochondrial DNA haplogroup A and D sublineages has generated time 
estimates for the separation of Aleut and Eskimo populations.  This division was believed to take 
place sometime between 7,000 and 4,000 years ago (Schurr 2002).  Aleut-specific genetic 
variations in haplogroup A were seen to arise at 6539± 3511 years B.P, and in the haplogroup D2 
cluster at 6035±2885 years B.P.  Another unique Aleut cluster in haplogroup A was believed to 
arise at 3953±2417 years B.P, similar in time to what may be an Eskimo origin genetically dated 
to 4400 years ago (Crawford et al. 2006; Rubicz et al. 2003).    
Recent mitochondrial and y-chromosome DNA analysis on skeletal material recovered 
from On-Your-Knees Cave on Prince Of Wales Island, Alaska, has added a cautionary note for 
dating materials using genetics.  The skeletal remains represented an additional founding Native 
American haplotype of haplogroup D.  This is seen by the authors to show that assumptions 
about the genetic composition of the earliest Americans are incorrect, and that previous 
calibrations of the mtDNA clock may have underestimated the rate of molecular evolution 
(Kemp et al. 2007).  This suggests that antiquity of human occupation in the Americas may have 
been overestimated by previous mtDNA studies, and existing estimations of divergence between 
human populations based on mtDNA research, including the evidence above, may actually be 
too old. 
Archaeological Data 
Dumond (1977) at one time saw the origin of the Aleut in the early Paleoarctic culture 
(>10,000-6,000 B.P). Anderson (1970) also ascribed an early origin for the common Eskimo and 
Aleut ancestor, though he believed they came from early Beringian populations already adapted 
to different subsistence orientations.  Laughlin (1967) states that Aleut people developed from 
the first maritime-adapted people to move east from Asia, who remained relatively undisturbed 
52 
in the Aleutians for eight or nine millennia.  In this scenario the flooding of the continental shelf 
forced some populations north where their descendents became the modern Eskimos.  A 
variation of this theory sees western Alaska populations splitting at ~9,000 BP, with some people 
occupying the Aleutian Islands, while others on the Alaska Peninsula evolving into the Norton 
culture people, whose descendents became the modern Eskimos (Clark 1979).   
An early study by Dumond (1965) using linguistic and archaeological data placed the 
separation of Eskimo and Aleut populations before 6000 B.P, with a later publication suggesting 
that the division was earlier, before 8000 B.P. (Dumond 1977).  A later study by Dumond 
incorporating previous biological, linguistic and archaeological research concludes that while 
much of the evidence is contradictory, the most promising time to seek a common Eskimo-Aleut 
ancestor is from about 4500-2500 years ago (1987c: 48), with a subsequent publication 
postulating a relatively sharp boundary between the two cultures on the central Alaska Peninsula 
between 4000 and 3000 B.P. (Dumond 1992:101).  In a recent assessment of the timing of 
separation Dumond sees division between Eskimo and Aleut originating with the ancestral 
Norton culture and its movement north sometime around 3400 B.P. from a homeland on the 
southern Alaska Peninsula (Dumond 2000:99). 
Identifying Social Boundaries and Population Movements 
Archaeological Approaches 
Defining social boundaries in the archaeological record involves the discernment and 
definition of types and patterns: artifact types and settlement patterns, for example, which rest 
upon theoretical considerations concerning behavior, material culture, and their expression in the 
archaeological record (Green and Perlman 1985a).  This involves both the reliance on pattern 
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recognition for typological study and the understanding of the process by which the item was 
created or used, and in how it came to be in the archaeological record. 
The development of typologies in material culture studies was at the heart of early 
archaeology in the early twentieth century.  These typologies were used by archaeologists to 
construct culture histories and regional chronologies, and to assign material culture to culture 
areas.  This classificatory approach faded in popularity in the 1960s with the advent of the ―New 
Archaeology‖, whose adherents saw past studies of material culture as lacking merit unless they 
were placed in an explanatory framework
6
.   
New Archaeologists divided material culture variability into the discrete categories of 
technology, function and style.  Of these three, style, the non-functional aspects of an item that 
include decoration, was the category that was thought to provide clues for distinguishing social 
groups in the archaeological record.  Binford, the New Archaeology‘s leading light, noted, 
―stylistic variables are most fruitfully studied when questions of ethnic origin, migration, and 
interaction between groups are the subject of explication (1962:220).   
What style really denoted has been subject to extensive debate.  Researchers have used 
archaeological or ethnoarchaeological data to argue that style has iconological, emblemic, 
assertive, symbolic, isochrestic, or even ‗stylistic‖ aspects; style has seen to be active, contested, 
negotiated, residual, or unconscious (Stark 1998a).  After many years of wrestling with the 
problem of style, many authors  ―…seem to have come to the conclusion that style is best 
understood at many levels, or that there are many kinds of style‖ (Hegmon 1998).   
Unfortunately, style has been less than successful as a concept for determining group 
identity.  While some kinds of style appear to play a role in the definition of groups and group 
                                                 
6
 This view has largely changed, since most archaeologists would agree that well-developed prehistoric  sequences 
are necessary in areas where researchers seek to understand prehistoric ethnic and political interactions and 
transformations (Emerson 1999:10).   
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boundaries, other kinds of style are better understood as expressions of individual identity 
(Hegmon 1998).  Style has also been found to be less than useful as a conceptual tool for the 
many archaeological assemblages that contain only utilitarian, undecorated items (Stark 1998a).    
A body of literature has developed in France and more recently in North America that 
focuses on technology to get at social boundaries.  The French literature on techniques et culture 
uses the union of ethnology and archaeology to develop a methodology for the study of 
technology and techniques.  This work has been heavily influenced by Leroi-Gourhan, who 
believed one could understand social structures and belief systems of a society through the study 
of its technology.  Leroi-Gourhan saw human behavior as characterized by chaînes opératoires, 
or deeply embedded operational sequences (Stark 1998a).  These sequences comprise the 
underpinnings of a society‘s technology, and are seen in all types of material culture, from 
everyday tools to the organization of space (Leroi-Gourhan 1993).  Stark (1998a: 6) describes 
this approach as follows:   
―Any technology is a system of behaviors and techniques, from architectural 
construction technology to cooking practices.  Behaviors and techniques are 
guided by human choices, and most steps in any technological process can be 
carried out using several alternative choices. It is this arbitrariness in 
technological traits that generates variability in material culture patterning.  In 
artifact types, we may describe this totality as technological style (Lechtman 
1977).‖  
The concept of Practice Theory recognizes that similar technological styles or artifact 
types are products of ―communities of practice‖, made up of interacting individuals involved in 
their production (McElrath et al. 2008: 4).  While Practice Theory could be considered somewhat 
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similar to the earlier conceptualization of artifact typologies as ―mental templates‖ of ideas 
shared by social groups, Practice Theory is less abstract, as ―it explicitly acknowledges the 
method (human agency) by which the knowledge of tool production was transmitted between 
generations‖ (McElrath et al. 2008:4).  Shennan has termed the transmission of information 
between individuals through time ―decent with modification‖ (2000).  He uses the biological 
analogy to liken culture to the genetic transmission of information with the possibility of 
mutation changing the information passed to future generations.  Shennan sees culture as a 
somewhat imperfect inheritance system, with a wide range of processes that can modify what is 
culturally inherited by the next generation.  To counter these destabilizing influences, he notes 
that a cross-cultural study on the learning of craft techniques (Shennan and Steele 1999) showed 
that in the vast majority of cases the information was passed vertically from parent to offspring, 
with much of the rest an oblique transmission, as from uncle to nephew (Shennan 2000).  
Studies of certain technological practices have been particularly useful in tracking group 
identity.  The manufacture of utilitarian goods (particularly undecorated pottery) and architecture 
are considered to be sensitive indicators of cultural identity (Stark et al. 1998).  Utilitarian 
pottery and architecture, along with ground stone tools and flaked stone tools are considered 
media on which technological style is easily studied (Dean 1988; Sackett 1985; Sterner 1989).      
The study of technological style is particularly useful in tracing the movement among 
populations in southwest Alaska.  Fortunately, some of the categories that we have regional data 
for (including architectural styles and utilitarian pottery) have been shown to be good markers 
for social identity.  The Norton/Thule and Kachemak/Koniag groups that lived on the northern 
Alaska Peninsula are ancestors to modern Eskimo, and share some traits that differentiate them 
from the Aleutian tradition.  The Norton tradition is associated with rectangular houses, flaked 
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and ground stone tools, including harpoon side blades, and pottery (Dumond 1987b, Dumond et 
al. 1976, Workman 1982). The northern Pacific Coast of the peninsula is generally more 
culturally similar to the Kachemak and Koniag groups on Kodiak Island, though strong Norton 
and Thule influences are seen during some periods. These populations are usually associated 
with considerable ground slate use, stone boiling and rectangular houses, with (generally) no 
pottery (Clark 1982; Dumond 1987b). The Aleutian cultural tradition is generally identified by 
oval houses, flaked stone tools, and the rarity of ground slate and pottery (Dumond 1987b; 
Dumond et al. 1976). 
The Formation and Maintenance of Social Boundaries 
 Social boundaries can result from a variety of factors.  They can result from the fissioning 
of existing groups because of population growth or resource scarcity (Yesner 1985).  Social 
boundaries may result from the immigration of a new group into a region, either because they 
were ―pushed‖ out of another region by social or ecological factors or because they were 
―pulled‖ in by new opportunities (Anthony 1990).  Social boundaries may emerge because of the 
way groups divide up access to various resources, particularly where resources are bunched and 
groups are utilizing widely separated clumps of resources (Yesner 1985).  Or, social boundaries 
may simply result from long periods of geographic isolation and ―cultural drift‖ (the amount of 
cultural divergence that takes place over time between two daughter cultures) (Hardesty 1982). 
Cultural drift is measured archaeologically be examining the difference in material culture 
between populations.  The strength of this boundary can be seen in the amount of difference in 
material culture between populations (Yesner 1985). 
 Once social boundaries are in place, particular mechanisms or conditions are required to 
keep them in place over time.  Some research suggests that in areas of resource diversity, 
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stability and abundance like that occupied by many marine hunter-gatherers, cultural boundaries 
were probably maintained by groups exploiting separate ―resource clusters‖ (Yesner 1985:52).  
In a tectonically active marine environment like the Alaska Peninsula, these bunched resources 
would be subject to further disruption and separation by periodic tsunamis, tectonic changes in 
sea level, and disturbance by volcanic products.   Groups which are adapted to harvesting their 
own (bunched) resources and not competing for resources with adjacent groups may have less 
interaction with other groups, and thus evolve separately from adjacent cultures (Yesner 
1985:53).  Groups that are geographically isolated, with limited access in or out of the region 
(like the lower Alaska Peninsula and the Aleutian Islands), will have limited interaction with 
outside groups, with ethnogenesis as the possible result (Parker 2006). In comparison, cultural 
groups near large complex societies or in areas of considerable social interaction (i.e., North East 
Asia and the Bering Strait) can be expected to see an increased flow of ideas (and genes), and 
considerable cultural change. 
Abandonment and Population Movement in the Archaeological Record 
Archaeological site abandonment is a natural part of the occupation process, and has long 
been recognized as such (Ascher 1968; Schiffer 1987).  The questions archaeologists are left 
with when considering site and regional abandonment are: when did people leave, why did 
people leave, where did they go, and (if there is a later occupation stratigraphically above the 
previous one), what is the relationship between the two populations?  Archaeologists are thus 
often attempting to determine if their cultural assemblages are evidence of population movement 
or population replacement, and pondering the visibility of archaeological boundaries in the 
archaeological record.  One subset of the archaeological literature has focused on these questions 
(Cameron and Tomka 1993: Green and Perlman 1985b: Stark 1998b).  This literature has 
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focused on the abandonment process, looking at materials left behind that may give clues to the 
circumstances of abandonment.   
Research has shown that cultural assemblages can suggest the speed of abandonment, 
degree of pre-abandonment planning, expected distance of the move (long or short), or whether 
return was anticipated (Cameron 1993; Schlanger and Wilshusen 1993; Stevenson 1982).  In 
particular, different archaeological signatures are believed to be detectable in house 
abandonment depending upon whether a population group was moving a short or long distance 
and whether return was expected (Schlanger and Wilshusen 1993).  Groups moving short 
distance who expect to return are anticipated to leave their structures intact, with larger materials 
left in place but some household equipment transported to the next location.  Long distance 
moves with an expected return are anticipated to find people caching valuable items in their 
houses and even sealing entrances, possibly leaving large material inventories on structure floors.  
Short distance moves with no anticipated return commonly leave a house cleaned of its contents 
and with building elements scavenged to use in nearby structures.  Long distance moves with no 
expected return should leave building elements in place, along with the heavier and bulkier, less 
valuable materials.  When regions were being abandoned in the Southwestern U.S. because of 
drought, and groups were preparing to leave without expectation of return, house roofs were 
burned before departure, possibly as part of an abandonment ritual, leaving large material 
assemblages on house floors (Lightfoot 1993; Schlanger and Wilshusen 1993).   
Stevenson (1982) studied patterns of abandonment refuse in historic mining settlements 
in the Yukon Territory.  He found under conditions of gradual abandonment, where the 
occupants anticipated returning, that caching valuable items away from work areas was common 
and few tools or other cultural materials occurred with activity loci in living areas.  Stevenson 
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found that under conditions of rapid abandonment there were: (1) evidence of manufacture or 
maintenance in progress; (2) abundant tools, facilities, and other cultural materials; (3) useable 
tools abandoned within their activity area; (4) an abundance of items that would have normally 
have been curated; and (5) little secondary refuse in living areas.  
Biological studies have shown that the type of migration that a population makes 
contributes information about the environment that the migration is taking place in.  One-way 
migrations are more likely in uncertain or unpredictable environments (Dingle 1996:61).  When 
an environment deteriorates with no indication of when it will improve it may be abandoned for 
a new region (Fix 1999:3). 
 One northern researcher has suggested the cultural effects we might anticipate if a 
catastrophic event, like a major volcanic eruption, were to push a population from a region 
(Workman 1979).  These include 1) the occupational abandonment of the region, 2) breaks in the 
local archaeological sequence, 3) Intrusive appearance of cultural complexes or traits derived 
from the affected areas in the peripheries, and 4) evidence of intensified interregional contacts 
synchronous with event in question (Workman 1979:366).  This same researcher has pointed out 
that problems caused by environment or neighbors were often the spark that causes population 
movements, noting that negative situations or conditions were probably a greater spur to 
movement than positive ones (Workman 2006). 
 Migrating populations usually have foreknowledge of where they are going.  Information 
has commonly been brought back from the region by traders or venturesome young men, 
allowing those about to move to make informed decisions about their options (Fish and Fish 
1993).  It is possible that in all but the most catastrophic cases of abandonment, ―negotiation 
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between abandoners and inhabitants at destinations probably proceeded departures―(Fish and 
Fish 1993). 
The way resources are distributed on a landscape dictate where and how far people will 
move when they are forced to leave a region.  Moving relatively short distances is all that would 
be required if resources are spread equally across the landscape.  Societies that are harvesting 
bunched resources may have to travel longer distances to find these resource loci (Anthony 
1992).  This can lead to a ―stepping stone‖ model of migration, where bunching of populations 
leads to a series of independent population islands (Fix 1999:59).  The Bristol Bay coast of the 
Alaska Peninsula is an area where resources are extremely bunched
7
; if one or several of the 
resource loci were taken out of service (say, by volcanic products), surviving populations would 
be pushed considerable distances up or down the peninsula into other areas, where presumably 
they would be in competition for those resources with the area‘s residents.  
Populations pushed out of a region would bring their suite of tools and technologies into 
a new region, and if different enough in style and technology should be archaeologically 
distinguishable from the regions residents.  These incoming groups could remain separate from 
the resident populations, integrate with them, dominate the residents, chase them out or eradicate 
them.  Both the integration of populations and the separate but contemporaneous populations 
should be visible, and visibly distinct, archaeologically.  The integration of populations should 
show some mixing of traits, possibly with more distinct pre-amalgam trait complexes found in 
household assemblages early in the process, with a greater blending later in the process.   
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 Other researchers have noted the bunched nature of resources on Alaska Peninsula coasts, with 
McCartney (1988:46) calling it ―punctuated productivity‖ and Crowell et al. (2003:62) 
―ecological hotspots‖. 
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Separate but contemporaneous populations within a region would leave archaeological 
signatures of distinctly different villages with different technological assemblages.  Analysis of 
this contemporaneity would be limited by the resolution of the dating method available.  
Evidence on the lower Alaska Peninsula suggests that an intrusive group, the Russell Creek 
phase, probably some variant of the Arctic Small Tool tradition, occupied a village in the Cold 
Bay region immediately after the Aniakchak eruption.  It is currently unclear whether this 
occupation is contemporary with the local Kinzerof Phase (Aleut) population, or whether the 
intrusive group swamped the resident population.  
If the incoming groups had technological adaptations that increased their ability to 
harvest resources that were being underutilized in a region, this ability would open up a niche the 
incoming group could utilize that was not in competition with other groups.  There has been 
suggestion that marine mammal adapted hunters left the Bristol Bay coast of the Alaska 
Peninsula at approximately the time of the Aniakchak 3,400 rcy B.P. eruption and moved 
northeast, becoming the Old Whaling culture in the Bering Sea region (Dumond 2000).   
Chapter Summary 
 Linguistic, archaeological, and biological evidence all point to a separation of Eskimo 
and Aleut cultures taking place on the central Alaska Peninsula during or shortly after the mid 
Holocene.  Linguistically, the amount of separation in the Eskimo and Aleut languages suggests 
that they have been separated at least 3,000 years, with the currently accepted best estimates 
ranging between 4,000 and 6,000 years.  Research based on the comparison of physical traits 
shows connections between Aleut and both Eskimo and Na Dene populations, with Aleuts more 
closely related to Eskimo populations from southwest Alaska.  Genetic evidence suggests that 
Aleut and Eskimo divided from a common ancestor sometime in the Holocene, possibly around 
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6,000 years ago.  Unfortunately, the extremely high deviation (~3000 years) at one sigma shows 
that genetics currently cannot usefully contribute to the debate.   
Archaeologically the collections in southwest Alaska, while limited in number, appear to 
be more similar during the period shortly after 5000 B.P. than they are at earlier times (Dumond 
1987c).  Recent archaeological and geological research on the central Alaska Peninsula present a 
mechanism for this separation in the catastrophic volcanism between 4000 and 3400 rcy B.P. 
(Dilley 2000; Miller and Smith 1977, 1987; VanderHoek and Myron 2004; VanderHoek and 
Nelson 2003).  The massive pyroclastic flows from this volcanism would have created a broad 
ecological dead zone, especially on the Bering Sea side of the Alaska Peninsula, which would 
have deterred occupation and significant contact between groups in the Aleutians and in northern 
Bristol Bay.  The moderately productive Pacific coast, on the other hand, would have supported 
some population, and encouraged greater contact between the Aleutians and Kodiak Island.   
Cultural separation in this case would not necessitate an absence of contact for thousands 
of years, but merely the restriction of contact for a long enough time to allow outside influences 
and normal internal change to cause divergence.  Contact along the Bering Sea Coast between 
Northern Bristol Bay and the Lower Alaska Peninsula would still have been possible by boat 
around the barren central peninsula, but it is an exposed and stormy coast with few embayments 
for taking shelter, making sea travel difficult.  Russian Orthodox priests based on the northern 
peninsula in the late 1800‘s often went many years without traveling to parishes on the southern 
peninsula, due to the difficulty of making the trip (Modestov 1898, in Morseth 2003:73).  The 
priests usually traveled with local guides in traditional craft, making their travel a reasonable 
analog for earlier times. 
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Interaction between late Holocene political groups on the peninsula would have been a 
mixture of inter-marriage, trading and raiding.  While limited trade could be conducted along the 
Bristol Bay coast across the dead zone, outlying villages on the other side would be too far away 
to support in times of conflict.  Over time this ecological boundary, which stretched for several 
hundred kilometers along the Alaska Peninsula, would become a political boundary, with little 
cultural or gene flow across it.  Southwest Alaska north of the Alaska Peninsula was subject to 
periodic pulses of influence from the Bering Strait over the last >2500 years (Dumond 1987c), 
which populations on the lower Alaska Peninsula and the Aleutian Islands would have been 
largely shielded from.  Archaeologically, biologically and linguistically, this boundary is in the 
right place and at the right time.  It is large enough and of long enough duration, probably lasting 
over a thousand years.  Cultures to the south and to the northwest appear to have evolved 
separately on each side of it between 3400 and 2000 rcy B.P. 
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CHAPTER 4) VOLCANISM AND VOLCANIC HAZARDS
8
 
Almost 9% of the world‘s population lives within 100 km of a historically active volcano, 
with another 3 % living similarly near to a volcano that has been active within Holocene times.  
In comparison to other terrains, this makes volcanic regions one of the most densely populated 
on Earth (Small and Naumann 2001).  Consequently, volcanism is a natural hazard with high 
potential for impacting human populations.  Modern populations have become more aware of 
volcanic hazards since the eruptions of Mt. St. Helens in 1980 and Mt. Pinatubo in 1991, with a 
corresponding awareness of the dangers of volcanic eruptions reflected in hazard research 
(Blaikie et al. 1994; Blong 1984, 2000; Bryant 1991; Small and Naumann 2001).   
This chapter explores the effects that volcanic eruptions have had on past human 
populations and the archaeological evidence that such events left behind.  It begins by examining 
volcanic processes that constitute hazards to human populations.  It gives a brief overview of 
some major volcanic eruptions, many with catastrophic effects.  It looks at how disaster studies 
evaluate the effects of eruptions on human populations, including the role of oral history in this 
process.  It next looks at archaeological case studies that evaluate the human effects of volcanic 
eruptions.  It continues with a discussion of the effects of catastrophic volcanism on constrained 
landscapes, and ends with a summary of the main points presented. 
Volcanic Processes 
Many volcanic processes constitute hazards to human populations.  These processes 
include lava flows, ballistic projectiles, tephra falls, pyroclastic flows, debris avalanches, lahars 
and jökulhlaups, seismic activity and ground deformation, tsunami, and atmospheric effects, 
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 Some information in this chapter was previously published in VanderHoek and Myron 2004, Chapter 7. Used by 
permission. 
 
65 
such as acid rains and gasses (Blong 1984:12). There are two main kinds of volcanic eruptions: 
explosive, high silica eruptions, and effusive, low silica, basaltic eruptions.  Explosive eruptions 
generally happen suddenly, impact a broader area than effusive eruptions of similar size, and 
cause a greater loss of life.  There are three general categories of volcanism that have the greatest 
effect on natural and cultural environments, and these products and their attendant processes, by 
themselves and in combination, are what have to be determined to understand the impact of 
volcanic events on human populations.  These products are lava, ejecta (airfall ash and 
pyroclastic flows), and volcanic gasses.  
Lava 
Lava, while possibly the product people most associate with volcanism, is in itself the 
least likely to affect human populations.  Lava is more generally associated with basaltic 
eruptions from crustal hot spots (Hawaii) or sea-floor spreading.  These basaltic magmas, 
because of their low SiO2 (silica) content (giving them high fluidity) and their ability to readily 
de-gas, are not usually associated with violently explosive eruptions.  Impacts of effusive 
eruptions are generally limited to the immediate region near the volcanic vent.  Eruption styles 
range from lava fountains to the rivers of lava seen in some Hawaiian eruptions.  These effusive 
eruptions usually build progressively, so they do not take surrounding human populations by 
surprise as much as do high-silica explosive eruptions.  The effects of these effusive eruptions 
have been dealt with as part of archaeological studies in Hawaii (Somers 1991) and the Valley of 
Mexico (Gonzalez et al. 2000).   
Magmas range from basaltic magmas with high magnesium, calcium, and iron, and low 
silica (45-54%), to rhyolite, with high silica (70-78%), and lower iron, calcium and magnesium.  
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Andesite and dacite are intermediate between basalt and rhyolite, with silica contents of 54-62% 
and 62-70%, respectively (Decker and Decker 1998:145).    
Volcanic eruptions are mainly controlled by the viscosity and gas content of the magma.  
Viscosity is related to the chemical composition of the magma.  Basaltic magmas with a low 
SiO2 content tend to have lower viscosity than more siliceous magmas like andesite and rhyolite.  
Magmas with higher gas content combined with higher viscosity tend to produce more explosive 
eruptions, thus andesitic and rhyolitic magmas tend to erupt explosively (Santley et al. 2000).  
Volcanic Ejecta (Including Resultant Tsunami and Lahars) 
This category of volcanic processes, and the effects of these processes, are what have 
caused the greatest loss of human life in historic times (Blong 1984:12-13).  Massive pyroclastic 
flows, and tsunamis that are caused when these pyroclastics hit bodies of water, have been by far 
the most hazardous volcanic agents (see in particular Tambora and Krakatau below). Next in 
order of concern are lahars, followed by tephra falls. 
Volcanic ejecta include the products of high silica magma like dacite or rhyolite that are 
produced by more explosive eruptions.  These products range in size from fine-grained ash to 
large lava ―bombs‖.  Eruption styles of silicic magmas are usually a mix of Plinian eruptions, 
with a high velocity jet of ash and gas shooting skyward, and Peléan, with pyroclastic flows that 
spread a superheated blanket of gas and ash across the landscape (Bullard 1979; Cioni et al. 
2000).  Explosive eruptions are more common from subduction zone volcanic arcs, like those in 
Indonesia, the Aegean Sea, the Japanese and Aleutian Arcs, and the west coast of the Americas.  
A product of volcanic heating and ejecta that can have considerable effects on the 
landscape are lahars, or volcanically induced mudflows.  These can result from a mixing of 
volcanic landslides with existing streams, as in the lahars that flowed down the Toutle River after 
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the 1980 Mount St. Helens eruption (Meyer and Janda 1986).  Lahars can also be caused by the 
melting of snow and ice by volcanic eruptions.  The 1985 eruption of Nevado del Ruis in 
Colombia caused massive lahars down local drainages, destroying the town of Armero and 
killing 23,000 people (Bruce 2001).  Lahars are common on Alaskan volcanoes because of their 
common coverage by ice and snow.  These Alaskan lahars generally have little effect on human 
populations because of the lack of populations adjacent to the volcanoes, though there have been 
close calls.  Melted snow from an eruption of Mt. Redoubt on the western side of Cook Inlet in 
1990 flooded the Drift River valley and narrowly missed destroying the oil storage facilities 
there (Dorava and Meyer 1994).   
Volcanic ejecta are the most common products of volcanic eruptions that are dealt with 
by archaeologists.  This category can be generally divided into either the fallout fraction, or the 
ash and lithic materials that flow rapidly over the landscape in a cloud of superheated gas (Figure 
4.1).  Both can produce stratigraphic horizons in sites, and are often archaeologically identifiable 
by distinctive colors, bedding, grain size, and crystalline structure.  Airfall deposits (sometimes 
called tephra, a term also used for all ejecta) can cover a large area of the landscape, but its 
ecological effects vary with its morphology, chemistry and thickness.  The superheated block 
and ash flows, also called pyroclastic flows (PF) or ―nuées ardentes‖ (glowing clouds), are more 
limited in their extent, but because of their high temperature can cause a high loss of life when 
impacting populated areas. Pyroclastic flows have a sterilizing effect on the landscape because of 
their high temperature and (when close to the vent) considerable thickness, requiring a much 
longer revegetation time than a tephra fall of similar thickness.   
Pyroclastic surges are more dilute than pyroclastic flows, consisting of mixtures of gas 
and volcanic rock fragments.  They are also more mobile, and move at higher speeds (Neal et al. 
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2001).   Major eruptions commonly have pyroclastic surges that extend beyond the edge of flow 
deposits, either from the collapsing column from the Plinian portion of the eruption, from the 
dilute leading edge of pyroclastic flows, or the dilute ash cloud generated from the top of 
pyroclastic flows (ash cloud surge).  Ash cloud surges in particular may extend much farther 
from the vent than less mobile pyroclastic flows. For example, the 1883 eruption of Krakatau 
sent surges up to 80 km from the caldera (Valentine and Fisher 2000).  These ash and flow 
horizons can be identified across their distribution by their morphology and sedimentary 
characteristics (e.g., internal bedding, changes in thickness), and by their geochemical fingerprint 
when examined by SEM microprobe analysis.   
Volcanic Gasses and Aerosols 
Volcanic gases and the aerosols they can form are products of all volcanic eruptions, but 
have effects that need to be considered separately from other types of ejecta.  Volcanic eruptions 
release sulfur dioxide (SO2) and other substances into the atmosphere that when combined with 
water form aerosols that reflect sunlight.  When these aerosols reach high enough concentrations 
they can cause global cooling.  The climatic effects of small basaltic eruptions tend to be 
regional, because the sulfur aerosols generally stay in the troposphere and are not injected up into 
the stratosphere. Large explosive eruptions (and very large basaltic eruptions) inject sulfur 
dioxide into the stratosphere, where it can stay in suspension for months to years.  Sulfur dioxide 
eventually combines with water vapor and returns to earth as sulfuric acid rain (H2SO4) (Becker 
and Becker 1998: 242; Rampino and Self 2000).  While silica-rich magma eruptions will 
produce dramatic climatic effects if they are large enough, basaltic magma eruptions contain 
higher concentrations of sulfur per volume.  These eruptions can have significant regional, or 
even global effects, as with the Laki Fissure eruption in Iceland in 1783.  This eruption caused 
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caustic ―dry fogs‖ in Iceland, Britain and Western and Southern Europe, with resultant crop 
failures and increased human mortality (Grattan and Charman 1994; Grattan and Pyatt 1999; 
Grattan et al. 2002).   
Massive eruptions throughout the earth‘s history have caused major global climatic 
changes.  A dramatic example of this effect is the 74,000 B.P. eruption of Mount Toba in 
Indonesia.  Samples from Greenland ice cores show a massive spike in sulfuric acid from this 
eruption caused a ―volcanic winter‖ lasting six to seven and a half years, dropped average 
temperatures in some parts of the world up to 15°C and initiated a millennium-long cold event 
(Rampino and Ambrose 2000). This event, which may have killed much of the planet‘s 
vegetation, is also believed to have decimated most of the worlds‘ human population, leaving as 
few as 3,000 to 10,000 individuals.  The survivors of this ―bottleneck‖ later moved out of their 
refugia in Africa and Eurasia to the rest of the globe (Ambrose 1998; Rampino and Ambrose 
2000; Rampino and Self 1992, 1993, 2000).  Even much smaller explosive eruptions have had 
significant climatic impacts.  The Tambora eruption in the early 1800‘s in Indonesia is believed 
to have caused ―the year without a summer‖ in the Northern Hemisphere (Stommel and Stommel 
1979, Self et al. 1984).   
Calculating Eruption Size 
The size of explosive volcanic eruptions can be estimated in several ways.  One method 
of estimating eruption size is to calculate the volume of magma that has been evacuated out of 
the underlying magma chamber.  This volumetric measurement is given in units of dense rock 
equivalents, or DRE.  The DRE of an eruption can be estimated by measuring the size of the 
resulting caldera left by the eruption (Pyle 2000).  Another eruption size estimation method is to 
calculate the bulk volume (in cubic kilometers) of ejecta produced by the eruption.  This is 
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generally calculated by adding the volume of the air fall tephra from the Plinian phase of the 
eruption to the volume of the pyroclastic materials from the Peléan phase of the eruption.  
Another measure of the size of an eruption involves an estimate of the total thermal energy 
released, derived from a formula based on the volume of erupted material (Hédervári 1963).   
A related method of measuring sizes of explosive eruptions is the Volcanic Explosivity 
Index (VEI) (Newhall and Self 1982).  The VEI is a scale of increasing explosivity ranging from 
0 to 8, and is based on the total volume of pyroclastic material ejected by the eruption, height of 
the ash cloud, duration of the main eruptive phase and other parameters. Large eruptions are 
those with a VEI of 3 or greater.  The bulk volume of ejecta, VEI, and DRE are the methods 
most commonly used, sometimes in combination, to express the scale of explosive eruptions.     
While the depth and extent of ash fall and flow deposits are mainly identified by their 
stratified remains, the effects of these events are determined through a variety of other analyses.  
Close order sampling of pollen, phytoliths and microfossils (sometimes in one centimeter 
increments in stratigraphic columns) help to reconstruct the environment as it was before and 
after the eruption.  This gives an idea of how fast soil weathering took place and how soon the 
vegetation of the region recovered.  Recent chemical analyses also allow a better understanding 
of pre- and post-eruption biological resources than were available in the past.  For example, 
analyses of nitrogen levels from lake bottom cores are showing relative strength of salmon runs 
through time and their relation to tephra fall
9
.     
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 Sockeye salmon supply nutrients to their nursery lakes when they return to spawn and die.  The 
nitrogen isotopic signature that is left in the lake sediments varies annually in strength with the 
numbers of spawning salmon.  This signature can be traced through time in lake cores, and gives 
an indication of how sockeye respond to changing environmental conditions (Finney et al. 
2000a, 2000b). 
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Effects of Catastrophic Volcanism on Human Populations  
Massive volcanic eruptions have had substantial impacts on human populations, ranging 
from threatening the human species to regional and local destruction of populations and habitats.  
Humans have been experiencing, reacting to and coping with volcanic events since the dawn of 
humanity.  Footprints preserved in volcanic ash show a small group of early hominins 3,700,000 
years ago at Laetoli, Tanzania coping with the impacts of volcanism (Hay and Leakey 1982).   
The classic case of human society being impacted by volcanism is the destruction of 
Pompeii and Herculaneum by pyroclastic flows and volcanic ash from the eruption of Mt. 
Vesuvius in A.D. 79.  This event, recorded for posterity in the letters of Pliny the Younger, was 
one of the most violent and destructive ever described in Europe (Scarth 1999).  Volcanic 
eruptions characterized by the production of a strong eruption column are called Plinian 
eruptions, having taken their name from the chronicler of this eruption (Harris 2000).  The 
excavation of Pompeii in the early eighteenth century captured the imagination of the Western 
World, and colored modern perception of the nature of volcanic disasters (Allison 2002). 
One of the most explosive eruptions of the last 10,000 years took place on the Indonesian 
island of Sumbawa in April 1815.  The Tambora eruption caused the death of more than 90,000 
people, and probably caused cooler temperatures in the Northern Hemisphere for several years 
(Self et al. 1984; Stothers 1984).  It is the largest recorded eruption in historic times, scoring a 
VEI of 7.   
A better-known eruption is the one of Krakatau in the Sunda Straits in 1883.  Tsunamis 
most likely generated from pyroclastic flows killed 36,000 people in the low-lying coast around 
the strait (Carey et al. 2000; Self and Rampino 1981).   
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The eruption of Mt. Pelée on the island of Martinique in 1902 produced pyroclastic flows 
that destroyed the town of St. Pierre and killed all but one or two of its 30,000 people (Scarth 
1999; Smith and Roobol 1990).  The hot pyroclastic flows from this violent eruption resulted 
from the collapse of its eruption column, giving the name Peléan to this kind of eruption.     
The largest eruption of the twentieth century took place in 1912 in what is now Katmai 
National Park and Preserve on the northern Alaska Peninsula (Miller et al. 1998).  The 
pyroclastic flow component of this eruption filled a valley over 20 km long and up to 170 meters 
deep with superheated ash (Kienle 1991).  Its still steaming surface four years later caused one of 
the first explorers into the valley to name it ―The Valley of Ten Thousand Smokes‖ (Griggs 
1922).   
The best-known eruption in recent times in the United States is the one of Mount St. 
Helens in Washington in 1980, which killed 57 people (Scarth 1999).  The Mount St. Helens 
eruption was relatively small by geologic standards, being only 1/20th the size of the Krakatau 
eruption, 1/70th the size of the 3500 B.P. Aniakchak eruption, and 1/3000th the size of the 
74,000 B.P. Mt. Toba eruption (Miller and Smith 1987; Rampino and Self 1993; Sarna-Wojcicki 
et al. 1981).  
One of the most well-studied volcanic eruptions of the twentieth century occurred in June 
of 1991 with the eruption of Mount Pinatubo on the island of Luzon in the Philippines.  Pinatubo 
started giving warning signals in August of 1990, prompting Philippine and American 
volcanologists to begin monitoring the mountain.  Consequently, when Pinatubo began its main 
eruptive phase between June 12 and June 15 the vast majority of people in the affected region 
had been evacuated.  Pinatubo erupted between 8.4 km³ and 10.4 km³ of volcanic products, and 
ejected a larger amount of sulfur dioxide into the atmosphere than the 1912 Katmai eruption.  
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The sulfuric acid aerosol caused a 0.5º C. cooling in the Northern Hemisphere, where its cooling 
effects were felt until the end of 1993 (Scarth 1999:255-273). 
Ancient cultures and densely populated volcanic areas in developing countries are not the 
only ones put in danger by volcanic eruptions.  The heavily populated areas in Italy surrounding 
Mt. Vesuvius are at risk of inundation by pyroclastic flow and thick air fall tephra, with 
researchers showing the possibility of future eruptions dwarfing the one in A.D. 79 that buried 
the towns of Pompeii and Herculaneum (Mastrolorenzo et al. 2006).  Closer to home, major 
populations centers in Washington State have been put on alert that they are at risk from regional 
volcanism.  Studies have shown that lahars from Mt. Rainier threaten the homes of over 100,000 
people (McClintock 1999).   
On a large enough scale, volcanism can be a species-threatening event, even to the human 
species.  The massive Toba explosive eruption mentioned earlier caused a planet-wide ecological 
disaster and ―bottleneck‖ that the human species may have just squeaked through.  Some 
researchers believe massive events of flood-basalt volcanism have caused major extinction 
episodes in the earth‘s history, and see it as one of the major threats to civilization that humans 
currently face (Powell 2000). 
Effects on Humans from Different Types of Eruptions 
Effusive and explosive eruptions have different patterns to which humans tend to react in 
different ways.  Effusive eruptions are dramatic, but usually more localized than explosive 
eruptions, with lava fountains and flows impacting countryside at a relatively measured pace.  
Effusive eruptions are relatively regular and predictable, allowing local people to take them into 
account in their daily lives and adjust to their effects. 
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Explosive eruptions, on the other hand, tend to be sudden, uncommon, and may affect a very 
large area.  Volcanologists are aware of the many small signs (e.g., tremors, gas release, ground 
deformation) of an impending eruption (McNutt et al. 2000), and some of these (e.g., 
earthquakes, steam release) may be evident to people living on or near the volcano.  But often 
the first signs people in the region may have of an erupting volcano is to see massive pyroclastic 
flows engulf the flanks of a volcano, or be blanketed by a thick layer of ash.  Explosive 
volcanoes commonly lie dormant for tens, hundreds, or thousands of years, then experience a 
series of cataclysmic eruptions over a period of days or weeks.  Pyroclastic  (fall and flow) debris 
from these eruptions can cover hundreds or thousands of square kilometers.  Thus explosive 
eruptions, because of their sudden unexpected nature and potentially broad effects, can have 
greater cultural effects for regional human populations.  Most volcanic eruptions discussed in 
this chapter were explosive eruptions.  
Archaeology and the Study of Natural Disasters 
Natural disaster studies focus on the risks that disasters pose to societies.  Traditionally, risk 
management studies associated with natural disasters were of two types.  One type, generally 
undertaken by earth scientists, focused mainly on the physical properties of the natural event. 
The second type of study, conducted by social scientists, focused largely on the short term 
cultural effects of the disaster.  Over time these two approaches have become more integrated, as 
researchers understood that not all major ecological events had catastrophic effects on human 
populations.  It has become evident that analysis of disasters should be undertaken with a critical 
focus on determining how and in what situations natural factors create disastrous conditions for 
human populations, and if there are significant long term effects of these events (Torrence and 
Grattan 2002a).  Archaeology is the central scientific discipline that looks at changes in human 
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populations over long periods of time, particularly in times and places without written records.  
Consequently, it is the discipline best equipped to assess long term impacts of events on cultural 
groups. 
 Some early archaeological studies focused on the results of natural disasters (e.g., 
Pompeii), and even helped shape how the western world thought about these kinds of natural 
events (Allison 2002).  But by the latter half of the twentieth century archaeological studies 
focused on processes that were typified by ―normal patterns of behavior‖(Torry 1979:518) and 
which downplayed the effects of natural disasters.  However, there were notable exceptions even 
then (e.g., Sheets and Grayson 1979; Workman 1974, 1979).   
Since the publication of Sheets and Grayson‘s important ―Volcanic Activity and Human 
Ecology‖ (1979) archaeologists have been more willing to consider the effects of catastrophic 
natural events on human social evolution (Maschner 2000), possibly mirroring the awareness in 
biology that evolution is a process of gradual change punctuated by infrequent periods of rapid 
change (Eldredge and Gould 1972).  Archaeologists now appreciate that it is the combination of 
both orderly processes and what the late paleontologist Stephen J. Gould called ―historical 
contingency‖ (1989:290), (i.e., chance events), that form the basis for cultural evolution 
(Isaacson and Zeidler 1999; Torrence and Grattan 2002b; Zeidler and Isaacson 2003).  Studying 
the cultural consequences of past natural hazards can suggest new ways of looking at the past 
and help provide a basis for testing alternative approaches to cultural change.  Archaeology can 
provide the means to establish the principal components of a disaster, reconstruct the event itself, 
assess the physical damage it caused, and identify the response strategies of the exposed culture 
over a longer time scale than is usually the case with other disaster studies (Torrence and Grattan 
2002b).   
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What Constitutes a Disaster?  
The concept of ―disaster‖ is inevitably fuzzy, in part because it contains within it a value 
judgment about how bad something is to the person who wishes to apply the term. For example, 
Tobin and Montz (1997:6) define a disaster as an event with at least 25 victims.  Others see more 
extensive social and infrastructure damage, where ―all major public and private facilities no 
longer provide essential social and economic services without extensive replacement or repair‖ 
(Torry 1979:518), or ―the essential functions of the society are interrupted or destroyed‖ (Oliver-
Smith 1996:305).  Some see disasters as so destructive to a society that ―recovery is unlikely 
without external aid‖ (Blaikie et al. 1994:21).  Another approach, taken by Torrence and Grattan, 
avoids the human values aspect of this definitional debate by defining disaster as merely ―the 
existence of damage to individuals or their property‖ (Torrence and Grattan 2002b:6), allowing 
the event to be placed on a continuum from one of minimal consequences to others with greater 
human and economic losses.  No matter what else, disasters involve people.  Shimoyama 
(2002a:20) notes: ―Disasters are social phenomena.  Although they are initially caused by either 
natural or human activities, the required condition for a disaster is the existence of victims: i.e. 
there must be a direct or indirect damage sustained by humans.  When no one suffers a loss, then 
we are dealing solely a natural phenomenon. The nature and extent of the damage results from 
the interactions among the type and severity of the initiating event, local conditions, and the 
specific cultural context‖.  For archaeology the key point is not the definition of disaster, but the 
extent to which the event caused cultural changes (Torrence and Grattan 2002b) that can be 
identified in the archaeological record.   
Some researchers see a problem in the current archaeological study of disasters in the lack of 
critical assessment of the relationship between natural events and consequent changes in cultural 
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behavior.  Appropriate research requires independent analysis of the natural and cultural data, 
rather than the use of one uncritically to explain the other, with careful attention paid to the 
dating of the natural event.  Is the natural event contemporaneous with the cultural change?  Was 
the cultural change a consequence of the natural event (Torrence and Grattan 2002b)?  More 
work needs to be done in understanding the impacts of catastrophic natural events on the natural 
environment, and the long term impacts of such events on environments and societies (Torrence 
2002).  Shimoyama (2002b:339) notes ―…if archaeologists are to invoke a volcanic eruption as 
the mechanism responsible for cultural change, it is necessary to construct a suitable model 
whereby a specific eruption may have brought about the changes observed.  In short, it is 
necessary to define exactly how a particular volcanic eruption was able to exert an influence 
upon the culture and verify this in the archaeological record‖.   
How Much Cultural Change is “Significant”? 
  Archaeological studies of natural disasters have had difficulty in quantifying the effect a 
disaster had on a population.  To solve this problem, researchers have first asked, what was the 
degree and direction of change?  Was it societal collapse, total cultural replacement, the 
introduction of a few items of material culture, or just localized abandonment (Torrence and 
Grattan 2002b)?  Did the disaster have a direct effect, or did it accelerate a process already in 
motion (Driessen 2002)?   Instead of cultural collapse, did the event shape cultural change to 
evolve in a particular direction (Kornbacher 2002)?   
In other words, did the event have a significant effect on social groups either regionally or 
locally?   
 Whether the amount of cultural change that might have taken place could be considered 
‗significant‘ may depend in large part on the temporal and spatial scale of the research.  Many 
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modern natural disasters could be considered catastrophic in the amount of lives lost, property 
destroyed, or area abandoned.  What is less certain is where to draw the line in dealing with 
archaeological evidence of past natural events.  Is abandonment of a site or region a significant 
form of cultural change?  If so, what length of time makes this significant?  Instead of a concern 
over what is ‗significant‘, archaeologists are probably better served assessing the relationship 
between the critical variables: the natural event and its attendant hazards, the vulnerability of the 
population, and what the apparent outcome as is seen archaeologically (Torrence and Grattan 
2002b).   
Critical Variables in Disaster Studies 
 Natural disaster studies focus on the risks that disasters pose to societies.  The impact that 
a natural disaster has on a human population depends upon a number of variables related to that 
event, to the environment, and to the nature of the society affected.  Some disaster studies have 
looked for critical attributes common to all disasters that determine the degree of impact that a 
disaster will have on a society.  Early studies tended to focus on physical events.  One early 
study (White 1974) saw these factors as 1) the magnitude of the natural event, 2) the frequency 
that similar disasters had occurred in the experience of the group involved, and 3) the length of 
warning available before the disaster strikes, and the speed with which the impacts occur.  A 
more recent study that includes the society being affected as part of the equation, considers the 
major variables to be magnitude, duration and frequency, perception, and vulnerability (Torrence 
and Grattan 2002b).   
The magnitude or scale of an event is its geographical extent and severity.  The magnitude of 
a volcanic eruption is measured several different ways, as previously noted, but in disaster and 
archaeological studies it is generally estimated by the bulk volume (in km³) of ejecta.  The size 
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of an eruption is expressed in the size and thickness of related tephra falls, pyroclastic flows, 
lahars, tsunami deposits, and ice core acidity spikes.  Torrence and Grattan, weary of the way 
cultural effects have been uncritically ascribed to volcanic eruptions, caution that ―the magnitude 
of a natural hazard is not the sole or even a straightforward predictor of its cultural impact 
(2002b: 11).  Having noted this, we can also accept that size does matter.  One explosive 
eruption that is ten or 100 times larger than another can be expected to have much greater 
ecological effects, and thus have a greater potential to affect human societies.  Torrence (2002) 
notes that a current problem with archaeological analyses of volcanic impacts on societies is the 
comparative lack of attention paid to the size or severity of the event.   
Torrence and Grattan (2002b) see the frequency and duration of events as key factors in 
determining the scale of the cultural response.   Events that occur with some regularity allow 
populations to be familiar with the risks and weighed accordingly, where as people are willing to 
take high risks in the case of rare events to reap short-term benefits.  Events that occur over a 
long period of time can allow a culture to change and adapt to the environmental events in 
question.    
Modern studies have shown that the way a community perceives a hazard is very important 
to how they react to the effects of disasters (Bryant 1991:259-260).  If a hazard is deemed very 
unlikely people will not include its occurrence in their planning.  In many societies natural 
hazards are thought to be caused by human actions, and thus perceived as social instead of 
natural events.  Since the extreme environmental events are seen as caused by humans rather 
than as natural occurrences, they are not feared (Galipaud 2002).   
Social scientists focus on vulnerability as the most important factor in understanding the 
variability in how societies react to disasters (Blaikie et al. 1994; Oliver-Smith 1996; Torrence 
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and Grattan 2002b; Torry 1979).  The more vulnerable the group, the greater the disaster's 
effects, and by implication, the greater potential for cultural change (Torrence and Grattan 
2002b).  Vulnerability is defined by Blaikie (et al. 1994:9) as ―the characteristics of a person or 
group in terms of their capacity to anticipate, cope with, resist, and recover from the impact of a 
natural hazard‖.  Social characteristics can either aid or retard a group‘s ability to deal with 
disasters.  Strong attachment to place can keep people from leaving a hazardous situation, 
particularly if they have large emotional and physical investments there.  This is probably truer 
in complex societies with developed agriculture than for hunter-gatherer societies (Torrence and 
Grattan 2002b).  Yet complex societies with developed infrastructure and extensive resources 
can absorb massive damage in one region and supply goods and services to mitigate the 
damages.  On the other hand, mobile hunter-gatherer societies that maintain long distance 
contacts may not be as affected by ecological disasters, because they were capable of relocating 
in areas less affected by the disaster (Saltonstall and Carver 2002).   
The Role of Oral Histories in Coping with Volcanic Disasters  
Another factor affecting vulnerability, which is particularly relevant to many archaeological 
studies, is the ability of non-literate societies to retain important information in oral history and 
mythology about past disasters.  This valuable stored information can help to guide later 
responses to similar events.  
Large volcanic eruptions commonly give warning signs before they occur.  The most 
common sign is a series of earthquakes as the gas and magma work their way toward the surface 
through the volcanic conduits.  For example, a series of such earthquakes were reported on the 
Katmai coast at least five days before the 1912 Katmai eruption (Griggs 1922:19).  Other 
warning signs include the sight and sound of gas escaping from a vent, or even the eruption of 
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some pyroclastic material.  One can reasonably wonder where the observation of these events fit 
in the knowledge base of prehistoric Alaska Peninsula populations.  Was a large volcanic 
eruption a totally new experience, or did they have personal experience or oral histories to guide 
their actions?  Did they have information informing their decision on what to do, and whether to 
stay or leave (Figure 4.2)?     
Oral histories from the 1912 Katmai eruption contain evidence that traditional knowledge of 
elders helped people survive this major volcanic eruption.  One six-year-old boy from Katmai 
Village observed the Katmai eruption from a fish saltery in Kaflia Bay on the Katmai coast, 
approximately 24 km east of the eruption.  He noted that as soon as it was evident that a volcano 
had erupted an elder started giving instructions.  ―And then one old man from Katmai…started 
hollering and telling people about their water…‗Put away as much water as you can and store it, 
reserve it.  Wherever ashes come down, there will be no water to drink anywhere…Turn your 
boats upside down.  They will be filled with ash.‘  He knows everything, that old fellow‖ (Schaaf 
2004:1).  The same informant noted that items like drying fish were collected and brought inside 
the barabaras (semi-subterranean houses) in preparation for the ash fall (Johnson 1977:163).   
Native residents of the Severnovsk villages northwest of Mt. Katmai and Novarupta were in 
the process of moving out of the region when the eruption took place.  Griggs, in his classic book 
on the Katmai eruption, notes that their leader, Petr Kayagvak (American Pete), had been warned 
by the precursor earthquakes, and was moving his belongings from the village of Ukak at the 
foot of Katmai Valley to a more distant village when Katmai (Novarupta) erupted (Griggs 1922: 
17; Schaaf 2004: 5).  Kayagvak, in describing his groups‘ flight from the region, expressed the 
anxiety associated with the event, noting ―The Katmai Mountain blew up with lots of fire, and 
fire came down trail from Katmai with lots of smoke.  We go fast Savonoski.  Everybody get in 
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bidarka (skin boat).  Helluva job.  We come Naknek one day, dark, no could see.  Hot ash fall.  
Work like hell‖ (Griggs 1922: 17).    
Oral traditions from Kodiak and the Shumagin Islands contain stories that include volcanoes 
(Bergsland and Dirks 1990; Lantis 1938:139; Veniaminof [1840] 1984:300), but researchers 
have noted that there is little in them that could be considered explicit guidance on how to act 
when dealing with catastrophic events (Saltonstall and Carver 2002; Johnson 2002).  One story 
describes the volcanoes of Unalaska and Umnak Islands warring with each other.  This story 
describes a final battle between two volcanoes, with the loosing volcano blowing itself up, and 
all the animals in the area of this final battle dying (Veniaminof [1840] 1984:300).  The battle 
between volcanoes is catastrophic enough that it should cause listeners who live or travel in the 
region to be wary of erupting volcanoes.  The mention made of all the animals in the area dying 
is a direct warning, particularly for a people living a hunting-gathering-fishing life way.     
Oral traditions from western Canada also tell of people dealing with volcanic events.  Several 
stories from the Tsimshian Indians of British Columbia relate to the eruption of the Tseax 
Volcano along the Nass River in 1775 (Hickson et al.2007).  In one story the eruption was to 
punish the people because a young man had shown disrespect to the humpback salmon.  The 
young man and his friends were catching salmon, slitting their backs and inserting pine pitch, 
and then lighting it.  As fall approached the people begin to hear the faint beating of what 
sounded like a drum.  The beating continued for days, stopped, and then became louder and 
louder. Finally a tremendous noise was heard, the river was set afire, and most people perished 
(Barbeau 1953:69-70).  While much of the purpose of this story seems to be teaching respect for 
natural things, as well as cast aspersions on the young man, whose name was given in the story, 
as were those of his relatives (Fast 1990 270-271), imbedded within the story are warning signs 
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(the drumming) that would indicate an impending volcanic eruption.  Another version of this 
event notes that people were killed by ―poison smoke‖ from this eruption (Hickson et al. 2006).   
 Oral histories from the Inuit of northwest Alaska clearly describe a year where 
―summertime did not come‖ (Oquilluk 1981:65-91).  William A. Oquilluk, a descendent of one 
of the few regional survivors, has recorded very extensive oral histories of this event.  Jacoby et 
al. (1999) make a convincing case, supported by tree-ring and other data, that this was a regional 
cooling event caused by sulfur-rich gasses ejected by the Laki Fissure eruption of 1783.     
 An artifact recovered in 1987 from wet deposits in a Koniag-era village on the 
northwestern side of Kodiak Island suggests there may have been more oral histories on Kodiak 
regarding volcanism than have survived to the present.  This item is a painted panel from a 
wooden box that depicts a prehistoric volcanic eruption with an associated tsunami (Saltonstall 
and Carver 2002; Steffian et al. 1996).  The knowledge that a volcanic eruption could produce a 
large dangerous wave would be important for the Alutiiq on Kodiak Island, who even if they 
were aware of large eruptions on the mainland (Kodiak Island has no volcanoes) might otherwise 
think volcanic activities there would not affect them. 
The most comprehensive study of oral accounts of past volcanic events and their 
corresponding scientific basis was done by Blong (1982) in Papua New Guinea.  He shows that 
the various ―time of darkness‖ stories told by the native people of eastern Papua New Guinea 
describe an ash fall that he has linked to a volcanic eruption that took place over 300 years ago 
on Long Island in the Bismarck Sea.  Blong collected over 50 accounts of this ―time of darkness‖ 
or ―blingi‖ from more than thirty language groups (Blong 1982:87).  Stories vary considerably in 
their account of the event, which vulcanological evidence suggest was the size of the Krakatau 
eruption of 1883, but are similar in their descriptive detail.  Most describe people taking shelter 
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in their huts during three or four days of darkness and ash fall.  Some stories describe villages 
where people died when their ash-caked huts fell on them, or died from starvation after their pigs 
died and plants wilted or rotted in the ground.  Other accounts tell of people who quickly built 
steeply-pitched roofs or covered their grass roofs with banana leafs to make the ash slide off, and 
brought their domesticated animals and plant supplies under shelter to let them weather the 
disaster.  Accounts of the event from the coast near Long Island report earthquakes, tsunami, or 
both (Blong 1982; 102, Figure 43).   
  Most informants stated that this ―time of darkness‖ actually did happen, while some 
note it happened and will happen again, and some accounts state than it is an event that will 
happen sometime in the future (Blong 1982:86).  When information on this event was solicited 
from groups of people, only some had knowledge of the event.  Blong (1982: 84) describes one 
older man who knew nothing of the event and another (referred to as a ‗brother‘; presumably an 
age mate), who could give a reasonably detailed account of it.  Some groups were found to have 
no memory of any such event, yet their neighbors did (Blong 1982: 84-85) 
Blong‘s study yields several important points that help to explain how oral histories may 
have preserved information in prehistoric populations on the Alaska Peninsula.  One is that 
detailed descriptions of past events can survive in oral histories for at least 300 years.  This point 
is also supported by the Inuit, Tutchone and Tsimshian stories noted above, though the 
Tsimshian story has largely evolved into legend.  Another point is that information is not 
transmitted equally in these stories.  Some merely describe the event.  Others give information 
on how to survive a similar occurrence if it were to happen in the future.  Still others are hazy 
enough in details that it is hard to discern whether these describe a volcanic eruption or another 
natural event like an eclipse. 
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Another interesting point discussed by Blong is why some groups have ―time of 
darkness‖ legends and some do not.  Blong (1982:198) attributes these differences in memory to 
―cultural factors‖, including movement of outside groups into the area afterwards who would 
know nothing of the event, the story fading from group memory over time, and too shallow an 
investigation by researchers to recover the oral histories.  Research into the traditional 
knowledge of tsunamis in Papua New Guinea suggests that societies with strong traditional 
bonds may remember and act on knowledge for dealing with natural disasters better than modern 
societies with more mobile populations, where the social fabric has broken down and traditional 
stories are no longer passed on (Davies 2002).  This could also be true in southern Alaska, 
accounting for the lack of traditional stories about volcanic eruptions.  Social disruption in 
Russian Alaska brought on by heavy-handed colonization practices as well as subsequent 
pandemics caused the loss of much traditional knowledge (Morseth 2003).   
There is some evidence that major volcanic eruptions can be remembered much longer 
than 300 years in the oral history of some populations, but over time the stories take on mythic 
qualities reflecting social structures and values of that society (Fast 1990: 274).  The Zuni have 
distinct legends dealing with the >900 B.P. eruption of Sunset Crater (Colton 1932: Malotki and 
Lomatuway‘ma 1987:98).  Several Papua New Guinea groups report two ―times of darkness‖, 
with the earlier one possibly related to an eruption in the Bismarck Sea some 1200 years ago 
(Blong 1982:198-199).  Moodie et al. (1992) and Fast (1990) describe oral traditions from the 
Hare, Mountain, and Slavey Indians to support Workman‘s (1974; 1979) thesis that Athabascan 
populations were pushed east and south out of the Yukon Territory almost 1300 years ago by the 
eruption of a volcano, probably Mt. Churchill in the Wrangell Mountains (McGimsey et al. 
1990), which deposited a tephra termed the White River Ash over 540,000 km² of the Yukon and 
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Northwest Territories (Robinson 2001).  Researchers in Fiji have found stories describing effects 
of volcanism that have been verified for eruptions dating between 1400 and 1800 B.P. (Cronin 
and Neall 2000).  Fast (1990:252) finds evidence in legends that suggest that the Gwich‘in may 
have been pushed north by an earlier White River ash fall at approximately 1900 B.P.  Even 
older stories come from Tonga, where Taylor (1995) described legends that appear to record a 
very large volcanic eruption from the island of Niuafo‘ou.  The Tongan legends could be 
interpreted to provide details on the effects of an eruption that may have taken place 3000 years 
ago.        
Oral histories and myths may have protected populations by creating religious restrictions 
that placed dangerous regions off-limits.  Early Maori may have developed such a mechanism to 
avoid the effects of future natural disasters like catastrophic volcanism by placing a rahua, or 
‗prohibited access‘, on a devastated area (Lowe et al. 2002). 
Archaeological Study of Volcanic Effects on Past Human Societies 
Archaeologists commonly utilize the physical effects of volcanism (tephra fall, lava and 
pyroclastic flows and surges) as stratigraphic markers, yet some researchers still give little 
thought to the cultural effects of those events.  Other researchers have for years integrated the 
effects of volcanism into their study of human cultures, often finding considerable cultural 
effects resulting from the volcanic events.  For example, the eruption of Thera (Santorini) 
Volcano in the eastern Mediterranean, closely coupled with a major earthquake, has been 
credited by archaeologists with the rapid decline of Minoan Crete between about 1550 and 1650 
B.C. (Driessen and Macdonald 2000).  Research on the Theran eruption over the last half-
century has shown the value of integrating all the sciences when attempting to determine the 
cultural effects of volcanic eruptions (Doumas 1983; Renfrew 1979).   
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El Salvador 
An important study of the effects of major volcanic eruptions on human populations over 
time is the multi-disciplinary work headed by Payson Sheets (1979, 1983) in the Zapotitan 
Valley of El Salvador.  There a series of stratigraphic horizons showed a record of human 
adaptation to volcanic eruptions over the last 2,000 years.  The largest volcanic eruption in the 
sequence was the first, of Ilopango Volcano, at approximately A.D. 260.  Its pyroclastic flows 
extended over 40 km from the volcano, and ash over one-half meter thick fell over 70 km away.  
The ―tierra blanca‖ ash made a region over 8000 square kilometers un-farmable and probably 
dislocated over 300,000 people.  Sheet‘s study of the settlement and resettlement of the region 
showed that it had taken small agricultural villages 200 years to recolonize the Ilopango ash.  
Local pre-eruption artifact types were found to suddenly occur just after the eruption in the Maya 
lowland, suggesting a sudden flood of refugees from the Zapoptitan region.  Sheets sees this 
population influx in the Maya lowland as a major spur to the development of social complexity 
during the Proto-Classic Period, with the loss of the southern trade route due to the eruption 
causing the rise of Tikal on the northern route (Sheets 1979:559). 
Costa Rica 
Sheets followed his El Salvador work with research on the effects of volcanism on the 
prehistoric populations of the Arenal region of Costa Rica (Sheets and McKee 1994).  Here a 
similar multi-disciplinary team reconstructed the vegetational and cultural history of the region 
through numerous periodic tephra falls.  Analysis also included the use of satellite imagery for 
the discovery of old travel routes.  Results from this study suggested that a low-density 
population with an economy based on subsistence agriculture and gathering forest products, with 
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little reliance on trade, produced a society that weathered periodic volcanism with little cultural 
change over time (Sheets and McKee 1994:324).   
Other researchers have questioned the robustness of Sheets' comparisons between these two 
groups, stating he did not adequately account for differences in severity between the two 
eruptions (Torrence 2002).  This criticism seems substantiated from the data, since the largest 
Arenal eruption, with  ~.3 km³ of erupted volcanic material, is approximately 1/100
th
 of the size 
of the Ilopango eruption, with 30 km³ of erupted material (Torrence 2002).  
Mexico 
Another study in Mesoamerica evaluated the hazard that prehistoric volcanism presented to 
populations in southern Veracruz, Mexico.  The study (Santley et al. 2000), based in the Tuxtla 
Mountains, compared volcanic data to an archaeological data set that included regional surface 
survey of a 400 km² area and 150 stratigraphic excavations.  Much of the study focused on the 
archaeological site of Matacapan, the largest site in the region during the Classic period.  The site 
was abandoned during the Early Formative period about 3,000 B.P. after being covered by 
considerable tephra from the nearby Cerro Mono Blanco cinder cone located approximately 5 
km away.  The site was reoccupied again after the start of the Late Formative in 2400 B.P, but 
abandoned again around 1850 B.P. after the eruption of another volcano approximately 7 km 
away.  The site was reoccupied during the Classic period, and grew to be the largest settlement in 
the region during the Middle Classic, with a core and suburban area of 20 km².  The area 
receives two tephra falls in the Classic period, but though ―the volume of ash produced and the 
distributions of ash were apparently similar to the previous eruptions in the area, they did not 
cause the abandonment of middle Classic Matacapan‖ (Santley et al 2000:151).  Santley believed 
that the Formative period eruptions caused the population to leave the area of tephra fall because 
89 
as farmers in an egalitarian society they had no other option.  The population is thought to have 
remained after the Classic Period eruption because they were buffered by a complex society with 
a larger population density and greatly expanded economic system.  Evidence suggests that 
though farming was not feasible in the area after the eruption, the regional center was able to stay 
in existence through the manufacture and sale of pottery, the importation of food, and the 
mitigation of volcanic effects by the physical removal of the tephra. 
The conclusions reached by Santley et al. (2000) are open to similar objections as those 
leveled at Sheets by Torrence.  No actual sizes of eruptions or tephra isopaches are given by 
Santley, so no real comparison is possible between eruptions.  Additionally, all the volcanoes 
involved are very close to Matacapan (within 7 km), so the eruptions are actually very small, 
localized events. 
Papua New Guinea 
A study in Papua New Guinea looks at human adaptation to periodic explosive volcanism 
over the last six millennia on the island of New Britain.  Torrence et al. (2000) found that major 
eruptions were enough to expel populations from the region for hundreds to over a thousand 
years, with reoccupation sometimes from a similar culture and sometimes a different culture.  
The researchers felt the critical variables to reoccupation in their case were the magnitude of the 
eruption and the human technological and cultural adaptations available.  They used tephra 
analysis to trace volcanic eruptions across the landscape, with testing and excavations used to 
compare the cultural signatures of the previous occupations.  Lithic studies used tool material 
and type as well as use and discard patterns to recreate subsistence and settlement.  The 5,900 
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B.P. Witori eruption (W-K1) displaced the hunter-gather-forest manager
10
 population for over 
1,000 years, but the reoccupying population appeared archaeologically identical to the pre-
eruption population.  Reoccupation of the region after the 3600 B.P. Witori eruption (W-K2) was 
seen to be more rapid than the first eruption because the new group repopulating the region had 
more developed agricultural practices and a far-ranging social and trade system that could buffer 
localized environmental effects (Torrence et al. 2000).  Torrence (2002) noted that one reason for 
the different times of reoccupation as well as intensity of land use were the changes in coastal 
topography caused by infilling after the eruptions.  The W-K2 eruption caused coastal infilling 
that expanded the number of ecozones (shallow water, reef, mangroves, swamp, lakes). The pre-
W-K2 pattern of dispersed use of the area changed to one of concentrated use of the coast.  
Continued coastal infilling with the W-K3 eruption caused a long period of abandonment and a 
shift to the coastal plain and foothills. A greater intensity of land use after the W-K4 eruption is 
thought to be from the increased amount of dry, low-lying areas suitable for agriculture as a 
consequence of tephra emplacement.    
The Papua New Guinea studies highlight three problem areas in the methodology of 
archaeological studies of disasters. First, methods for measuring the severity of the natural events 
and their impacts on societies have not been well developed.  Second, more care needs to be 
taken in understanding the short and long term impacts of the event on the environment. Third, 
more attention is needed on the issue of choosing the appropriate temporal and special scales for 
both monitoring impacts and understanding how societies recover from disasters (Torrence 
2002).    
                                                 
10
 In this case the term ―forest managers‖ was used by the author (Torrence 2002:302) to denote 
―low-intensity, shifting agriculturalists‖. 
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Iceland  
 An interesting set of discussions has taken place in the vulcanological and ecological 
literature on the paleoclimatic, paleoecological and paleocultural effects of eruptions from 
Icelandic volcanoes, particularly eruptions of Hekla Volcano.  One debate has been about the 
connection between Holocene Icelandic volcanism, sulfuric acid spikes in the Greenland ice 
cores, and vegetational stress in the northern British Isles.  Some researchers have argued that the 
Icelandic eruptions caused climatic downturns that pushed early British agriculturalists 
southward (Burgess 1989), others postulated that it was either climatic downturn or volcanic acid 
deposition and soil acidification associated with tephra fall (Blackford et al. 1992; Edwards et al. 
1996), others that it was acid deposition itself (Grattan and Gilbertson 1994; Grattan and 
Gilbertson 2000), and others that there was little correlation between volcanic eruptions and 
vegetational and cultural change (Hall et al. 1994, 1996).   Some felt their results suggested both 
negative and positive vegetational effects from eruptions (Charman et al. 1995).  Grattan and 
colleagues note that volcanic acid deposition does not have an even effect over the landscape, 
with environmental and cultural effects depending upon localized factors including 
microclimate, the vulnerability of different soils and vegetation to acid loading, the volume and 
toxicity of tephra deposited, and the possible buffering that local Bronze Age communities may 
have had from such unusual environmental events (Dodgshon et al. 2000; Grattan et al. 1999, 
Grattan and Gilbertson 2000).   
 The Laki fissure flood basalt eruption of A.D. 1783-1784 emitted a massive pulse (~122 
megatons) of sulfur dioxide into the atmosphere that caused caustic ―dry fogs‖ in Europe and 
depressed temperatures in parts of the Northern Hemisphere for two to three years (Thórarinsson 
1979; Thordarson et al. 1996; Thordarson and Self 2003).  Grattan (Grattan and Charman 1994; 
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Grattan and Pyatt 1999; Grattan et al. 2002; Grattan et al. 2003) focused on the health effects of 
the volcanic gasses from this eruption in the lower atmosphere, and shows that these health 
effects were very significant, and probably had a greater impact on the English population than 
did any related climatic effects.  Evidence from northwestern Alaska suggests a strong link 
between high sulfur loading in the atmosphere and related climatic effects from the Laki fissure 
eruption.  Jacoby et al. (1999) show that historical accounts, tree ring data, anthropological 
information and oral history support a year with no summer and associated widespread famine in 
northwest Alaska during this time. 
 Grattan (et al. 2002) makes the important point that massive sulfur-rich eruptions may 
cause short-term regional climatic perturbations that may be very severe for the individuals 
involved, but yet leave no discernable archaeological signature. Thus, this kind of volcanism is 
capable of producing catastrophic aerosol events that may be associated with, and responsible 
for, significant mortality, yet do not generate conventional archaeological evidence and may be 
invisible in the archaeological record. 
The concept of large-scale volcanism affecting prehistoric human populations has been 
addressed by various workers for northern North America (Bowers and Thorson 1981; Dumond 
1979; Dumond 2004; Saleeby 1984; Workman 1974, 1979) as well as the continental United 
States (Anderson 2003; Colton 1949, 1965; Davis 1995; Elson et al. 2003; Grayson 1979; Matz 
1991; Pilles 1979).  In these studies consideration has mainly been given to the effects of the ash 
clouds (particulates and gases) distributed at high altitudes.  
Continental U.S.: Mount Mazama 
The caldera forming eruption of Mount Mazama approximately 7,700 (6845±50 radiocarbon) 
years ago was the most voluminous and widespread Holocene tephra fall in the continental 
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United States (Mehringer 1986).  The Mazama eruption produced approximately 150 km² of 
ejecta (Bacon 1983), depositing a pumice-rich tephra over approximately 2,064,000 hectares 
north and east of the caldera in central Oregon (Oregon State University 2007).  (See Chapter 5 
for discussion of the Mazama Ecological Province).  Recent soils research suggests that tephra 
fall from the Mazama eruption may have been even more wide spread than this.  Soils analysis in 
the Willamette Valley show that a thick clay lens that underlies the valley, causing its wetland 
nature, is actually a weathered tephra from the Mazama eruption, instead of deposits from the 
13,000 B.P. Missoula flood deposits as previously believed (Baitis 2004; James and Baitis 2003).  
This clay layer tapers from approximately 1.5 m in thickness at Eugene, approximately 130 km 
northeast of Crater Lake, to 30 cm thick at Woodburn, over 250 km north-northeast of Crater 
Lake.  This vast tephra deposit is thought to have been ejected in the later part of the mountain‘s 
eruptive cycle, possibly during or after caldera formation.  This massive tephra fall helps explain 
why no cultural occupations dating between 8,000 and 6,000 years ago have yet been found in 
the Willamette Valley bottom (Karin Baitis, personal communication, 2004; Bolt 2004).  
The Mazama eruption undoubtedly had a profound effect on the human populations of the 
western United States (Grayson 1979; Matz 1991; Mehringer 1986).  Where researchers differ 
most is on how long the cultural effects of the Mazama eruption lasted.   
A new projectile point type appears in the lower Snake River canyon after the Mazama eruption 
(Bense 1972), and other regions see occupational hiatuses or decreases in site and artifact density 
for long periods of time (Bedwell 1973; Bolt 2004; Gustafson 1972).  Part of what confounds the 
understanding of the cultural effects of the Mazama ash fall is the fact that climatic changes 
(increasing aridity) also took place in the western United States after the Mazama eruption, and 
could have caused the decrease in use of some regions seen the archaeological record (Blinman 
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et al. 1979; Grayson 1979).  Other researchers differ on the scale of the environmental effects.  
One researcher believes there were volcanic effects from Mount Mazama that may have 
eliminated human populations from some regions for decades, or greatly restricted human use of 
some areas for centuries, but does not see these effects as catastrophic (Matz 1991:99).   
A factor to consider in our analysis of the cultural effects of large terrestrial eruptions like 
Mount Mazama is that human populations that survive the immediate effects of a volcanic 
eruption are free to move to where these effects are less, limited only by topography and the 
efforts of their human neighbors.  Many landscapes that are impacted by tephra can still support 
human populations, though these populations may be much smaller and need to utilize much 
greater areas for that support.       
Northwest North America 
William Workman was an early proponent of volcanism as a mechanism for major sub-arctic 
population movements.  The eruption of a volcano in the St. Elias Mountains in eastern Alaska 
approximately 1400 years ago is believed by Workman (1974, 1979) to have provided a 
northward and southward push to regional populations disturbed by what is now called ―the 
White River Ash‖.  This ash fall, covering many 1000‘s of square kilometers, may have caused a 
series of ―population readjustments‖ (Workman 1974: 255) that eventually caused the movement 
of Athabascan speakers into the Southwestern United States. 
Southwest Alaska 
 Another northern researcher has reconsidered his views on the cultural effects of northern 
volcanism.  Don Dumond‘s early evaluations of the effects of volcanism on southwest Alaskan 
populations, with the rather catchy title of ―People and Pumice on the Alaska Peninsula‖ 
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(Dumond 1979) suggested volcanic eruptions had little significant effect on human populations.  
His evaluation was based on 10 field seasons of excavation data from the Brooks River Region 
of the Katmai National Monument (now the Katmai National Park and Preserve), as well as 
ethnographic and ecological data from the 1912 Katmai eruption.  He evaluated the ten airfall 
tephra in the regional site stratigraphy, the Katmai tephra and nine prehistoric tephra (Ashes A-
J), in relation to the apparent effects these volcanic events had on the human occupations.  Of the 
seven tephra that fell during the period of human occupation, four were seen as having fallen in 
the middle of a cultural occupation with no discernable effect, and three correlated with gaps or 
boundaries in the cultural occupation.  One of the three appeared to fall during a time of no 
occupation (Ash F).  Another tephra fall, Ash G, which seemed to mark the brief period of time 
between two distinct cultural traditions, was seen to be too limited and isolated an event to mark 
such a change.  The third ash fall, Ash C, fell between two distinct phases of the same tradition.  
This was also seen as unlikely for causing any major disruption of peninsular populations.   
 His evaluation of the data from the 1912 Katmai eruption focused on the region impacted 
by the tephra air fall, ignoring the area impacted by the pyroclastic flow (the Valley of Ten 
Thousand Smokes).  He determined that while the event had relatively profound short-term 
effects in areas of heavy ash fall, for most of the region the effects were relatively short-lived, 
with reoccupation after no more than 20 years.   
 Dumond noted that the social science emphasis of the time was on ―process‖ (the 
Processual paradigm), with researchers loath to attribute significant cultural effect to ―acts of 
God‖ (Dumond 1979:377).  He noted that the lack of resolution for radiocarbon dating made it 
difficult to refine the age of both volcanic ashes and the beginning and end point of cultural 
horizons.  He felt that while all the eruptions that left tephra horizons at Brooks River were 
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―potentially traumatic‖, ―all major cultural changes seem uniformly to have resulted from 
processes of development that bore no direct relation to specific volcanic events‖ (Dumond 
1979:389).  Dumond argued that even volcanic events of the size of the 1912 Katmai eruption 
were ―simply one among many classes of environmental phenomena…that bring about the 
intermittent and relatively short-range and short-term displacements of human occupants…As 
the culture history of northern hunting peoples is viewed through a glass as fogged as that 
available to prehistorians, individual volcanic events (emphasis in original) of the magnitude of 
those evidenced by the specific ash deposits at Brooks River tend to be simply and consistently 
irrelevant‖ (Dumond 1979:389-390). 
 Twenty-five years later Dumond offered a ―speculative reconsideration‖ of the topic of 
volcanic effects on prehistoric southwest Alaska populations (Dumond 2004: 112).  In it he 
revaluated his earlier assumptions, noting that the reanalysis had the benefit of much more 
regional archaeological data than the 1979 article, as well as more extensive vulcanological data 
from the Veniaminof and Aniakchak volcanoes.  This reanalysis appears to have been prompted 
in part by results from an NPS archaeological survey of the Aniakchak National Monument and 
subsequent claims of possible cultural effects from the mid-Holocene Aniakchak eruptions 
(Dumond 2004:123; VanderHoek 2000).   In his earlier analysis Dumond looked at the Katmai 
eruption, the largest in the twentieth century, as about as large as prehistoric people would have 
experienced in the past.  In actuality the fourth millennium B.P. eruptions of Aniakchak and 
Veniaminof were several times the size of the Katmai eruption.  He realized that he had also not 
considered either the difference in effect a more massive super-heated pyroclastic flow would 
have on a broader landscape, or the effects of eruptions with peninsula-wide effects.  Dumond 
noted that a large pyroclastic eruption on the central Alaska Peninsula could have relatively long-
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term consequences for caribou populations by intruding on calving areas or blocking migration 
pathways (Dumond 2004).  His re-evaluation suggests that the Brooks River Ashes G, F, and C 
could have had considerable effects on the cultural occupations of the region.  Ash G matches 
best with a 3700 rcy B.P. Veniaminof eruption, while Ash C correlates reasonably well with an 
Aniakchak eruption about 600 rcy B.P.  He observes that while Ash F could have terminated the 
Arctic Small Tool tradition at Brooks River, the Aniakchak 3400 rcy B.P. eruption appears to be 
too early to be Ash F, though it could be Ash #3 at Ugashik, which caps and possibly terminates 
the ASTt occupation there (Bundy et al. 2005: 10-11; Dumond 2004; Dumond 2005b: 29, 41).  
Catastrophic Volcanism on a Constrained Landscape  
 Catastrophic volcanic eruptions have greater cultural impacts on constrained landscapes 
than on open, un-constrained landscapes.  Unconstrained landscapes allow human populations to 
simply move away from the affected area.  Evidence suggests this may have been the result after 
many eruptions throughout prehistory, particularly major eruptions affecting hunter-gatherer 
populations, as in the eruption of Mt. Mazama (Matz 1991:99) and Mount Bona/Churchill 
(Workman 1974; 1979) in western North America and Mount Witori in Papua New Guinea 
(Torrence et al. 2000).  Catastrophically impacted volcanic landscapes (covered by pyroclastic 
flow or thick tephra), constrained by natural boundaries such as seacoasts or rugged mountain 
ranges make it difficult for the human inhabitants to escape the effects of the eruptions.  Later, 
after the human population has either succumbed to the effects of the eruption or vacated the 
region, landscape constraints make it difficult for human and other biological populations to 
recolonize the region.  This section describes archaeological examples of regions where 
catastrophic volcanism may have had increased effects because of their constricted landscapes.     
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Japan 
The eruptions of Kikai Volcano at 7,280 B.P. (Fukusawa 1995) provide a striking 
illustration of the effects that massive eruptions can have on regional cultures on a confined 
landmass.  The Kikai volcano is located ~35 km off the southern coast of Kyushu Island.  The 
suite of eruptions, estimated to be greater than 150 km² in size, produced a massive tephra fall 
and several pyroclastic flows, one spreading as much as 100 km from the vent.  The eruptions 
caused massive landslides, flooding, and long-term vegetation changes, and were accompanied 
by a major earthquake and tsunami (Machida and Sugiyama 2002).  The Kikai-Akahoya (A-AH) 
tephra is found across southern and central Japan, the southern Sea of Japan, and the Pacific 
Ocean south of Japan (Machida 1990). 
After the Kikai eruptions human populations on the southern island of Kyushu either 
perished or dispersed to the north, and the three pottery styles formerly found there drop from 
existence.  The region was not reoccupied for several hundred years, with permanent 
reoccupation of southern Kyushu not taking place until after 6,400 B.P, over 800 years after the 
eruption.  Pottery styles show reoccupation of the region came from both the island of Honshu to 
the north and the Korean Peninsula to the west (Machida 1984, 1990; Machida and Sugiyama 
2002).  
Kamchatka and the Kuril Islands 
A series of landforms similar to the Alaska Peninsula and the Aleutian Islands lie along 
the western edge of the North Pacific Ocean.  There the volcanically dominated Kamchatka 
Peninsula points to the southwest, transforming into the chain of Kuril Islands, which continue 
southward to meet the Japanese Islands.  Soil profiles on Kamchatka and the Kuril Islands show 
cultural horizons capped by pyroclastic flows or tephra falls, with apparent hiatuses in 
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occupation after the volcanic events (Dikov and Titov 1984; Fitzhugh et al. 2002; Ishizuka 
2000).  Kamchatka, in particular, experienced two periods of intense Holocene volcanic activity 
that profoundly affected human populations.  Periods of synchronous intensified volcanic 
activity occurred during 7500-7800 and 1300-1800 rcy B.P. (Braitseva at al. 1995).  These two 
episodes of catastrophic volcanism had a profound effect on the ecology of Kamchatka, and 
devegetated much of the peninsula.  Human populations moved north out of the impacted area, 
leaving it vacant for centuries (Gusev et al. 2003). 
Central Alaska Peninsula  
The Alaska Peninsula is an excellent example of a constrained environment, bordered as 
it is by the Bering Sea and the North Pacific.  High latitude oceans, particularly ones subject to 
the regular storms generated by the Aleutian low-pressure region, are hostile environments.  The 
fourth millennium B.P. eruptions, particularly the Aniakchak/Veniaminof eruptions, could have 
created an inhospitable zone that made unfeasible settlement within it, forming a boundary that 
restricted cultural interaction between the cultures on each side.  An important point here is that 
the barrier effect of an ecologically non-productive area is increased by having as its boundaries 
other relatively hostile environments.  
Summary 
Volcanic eruptions can be very large in size, have catastrophic consequences for 
biological and cultural populations throughout a sizeable region, and have long lived effects.  
The cultural effects of these eruptions depend upon a number of factors.  These include a) the 
size of the eruption, b) size of the affected area, c) type of eruption (explosive vs. effusive), d) 
type and amount of volcanic products impacting the environment (with tephra in particular, the 
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amount and coarseness of the product), e) economic adaptations (e.g., hunter-gatherer, farmer), f) 
cultural complexity, and g) constrained nature of the environment impacted.  
Disasters like major volcanic eruptions have increased cultural effects on more 
‗vulnerable‘ populations: that is, populations that live closer to the edge of subsistence failure, 
either because of their resource-poor environment or lack of cultural adaptations to buffer lean 
times (i.e., limited food storage).  These vulnerable populations could be groups that are tied to 
place, either because of physical or emotional investment or lack of alternative.  Large volcanic 
eruptions also have more pronounced effects on constrained landscapes, particularly those in 
higher latitudes where terrestrial recolonization options are limited. 
Hunter-gatherers are relatively mobile and usually free to move away from regions 
impacted by major ecological events, particularly if they have family or trade relations outside of 
the region.  Hunter-gatherer societies do not have infrastructure support to weather an extended 
ecological recovery period
11
.  They certainly do not have the technological and economic ability 
to modify the environment enough to continue subsisting on local resources. Consequently they 
must move and wait for the region to recover ecologically.  As we have seen, this process may 
take many hundreds to over 1000 years.  
Some catastrophic effects of volcanic eruptions (particularly volcanic gasses and 
aerosols) may leave almost no physical eruptive deposits at all (Grattan et al. 2002; Jacoby et al. 
1999) and in themselves be archaeologically invisible.  Yet these can have a profound short-term 
effect on populations, and even have a long-term effect if enough of a biological population in a 
region is affected. 
                                                 
11
The exception to this is are those hunter-gatherer societies, past and present, which live within 
or near a society (particularly state-level society) with greater resources that can be looked to for 
support. 
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As many researchers note, determining the cultural effects of catastrophic volcanic 
eruptions requires a broad-spectrum, multidisciplinary approach.  In her 2002 study of the 
cultural effect of volcanic eruptions in Papua New Guinea, Torrence states ―…understanding the 
impacts of various volcanic eruptions requires a great deal of geological, environmental, and 
archaeological data‖ (2002:305).  The next five chapters do just that, providing information on 
volcanic soils, the proximal and distal environmental effects of volcanic eruptions, Alaska 
Peninsula volcanism, and the ecological and cultural effects of that volcanism.  
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CHAPTER 5) VOLCANIC SOILS AND SOIL FORMATION PROCESSES 
To understand the process of revegetation of volcanic landscapes, we need to understand 
how sediments weather to form soils amenable to plant life, and what plants require from those 
soils. Thus this chapter starts with a discussion of soils, and the importance factors like parent 
material and climate have on soil development.  A discussion of specific plant nutrients has been 
included because of the importance of these nutrients in soils for (re) vegetation of landscapes, in 
this case volcanically impacted landscapes on the Alaska Peninsula.  The chapter discusses the 
characteristics of volcanic soils in relation to weathering and soil fertility, including why 
volcanic products from explosive northern eruptions have low fertility.  The chapter concludes 
with a brief coverage of why the revegetation and soil formation process is constantly being 
restarted on the Alaska Peninsula.  These topics provide the groundwork for understanding why 
volcanically impacted landscapes in southwest Alaska require such a long time to revegetate, and 
how catastrophic volcanism on the Alaska Peninsula could put in place a long-lived ecological 
and cultural barrier.  Chapter 9 returns to this topic, discussing the presence and absence of 
essential elements from samples of volcanically derived Alaska Peninsula soils to address the 
question of why ecological recovery of heavily impacted volcanic landscapes is such a lengthy 
process.  
Soil Formation  
 Soils weather by physical disintegration and chemical decomposition.  Physical 
disintegration is the breaking down of rock into smaller rocks and eventually into sand and silt 
particles composed of individual minerals.  Sediments physically weather through abrasion, 
temperature fluctuation, and root action.  Chemical decomposition happens simultaneously with 
physical weathering as the minerals break down, releasing soluble materials and synthesizing 
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new minerals.  Chemical weathering is enhanced by the presence of water and oxygen as well as 
the acids produced by microbial and plant-root metabolism.  The various weathering agents 
acting together convert primary minerals (e.g., feldspars and micas) to secondary minerals (e.g., 
clays and carbonates) and release plant nutrient elements in soluble forms (Brady and Weil 2002: 
34-37).  Five major factors control the formation of soils: parent material, climate, biota, 
topography, and time.  These factors work interdependently, with various combinations of the 
five producing different soil types (Brady and Weil 2002: 34-37).   
Parent Material 
The parent material is the geologic or organic precursor to the later soil, and profoundly 
affects soil characteristics.  For example, a granite or sandstone might weather into a soil with a 
sandy texture, which readily allows water percolation through it and encourages the movement 
of plant nutrients.  The mineralogical and chemical composition of the parent material also 
influences both chemical weathering and the natural vegetation (Brady and Weil 2002: 39-40).  
The parent material on the central Alaska Peninsula is a mix of bedrock, glacial till, and volcanic 
products (tephra, pyroclastic flow and lahar deposits).    
Climate 
Climate (primarily precipitation and temperature) is the most influential of the four 
factors acting on parent material.  It is critical because it determines the nature and intensity of 
the weathering that occurs over large geographic areas.   
Precipitation is important in weathering, because water is essential for all major chemical 
weathering reactions.  For effective soil formation, water must penetrate into the sediments, 
transporting soluble and suspended materials from the upper to the lower layers.  This stimulates 
104 
weathering reactions, develops differentiated soil horizons, and makes minerals available for 
plant growth.  Thus, effective precipitation is the amount of water that actually penetrates into 
the soil.  This is affected by seasonal distribution of rainfall, temperature and evaporation rates, 
topography, and permeability (Brady and Weil 2002: 54-55). 
Temperature, like precipitation, is important in weathering.  In referring to soil 
weathering, Brady and Weil (2002: 54) note ―For every 10ºC rise in temperature, the rates of 
biochemical reactions more than double.  Temperature and moisture both influence the organic 
matter content of soil through their effects on the balance between plant growth and microbial 
decomposition…If warm temperatures and abundant water are present in the profile at the same 
time, the process of weathering, leaching, and plant growth will be maximized.  The very modest 
profile development characteristic of cold areas contrasts sharply with the deeply weathered 
profiles of the humid tropics…‖ 
Humid tropical areas near the equator, with high temperatures and rainfall, have weathered 
bedrock soil (regolith) to 60 meters, versus a few meters or less in the Arctic (Brady and Weil 
2002: 56, Figure 2.23).   
Topography 
Topography relates to the lay of the land surface and is described in terms of differences 
in elevation, slope and landscape position.  The topographical setting may enhance or retard the 
work of climatic forces.   Steep slopes encourage rapid soil loss by erosion and allow less rainfall 
to enter the slope before running off.  Because of this, soils on steep terrain tend to have shallow, 
poorly developed profiles in comparison to more level sites.  In swales and depressions where 
runoff water tends to concentrate, soil weathering and profile development is more advanced.  
Vegetation may differentially colonize the landscape, depending upon soil types and available 
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moisture.  In higher latitudes south-facing slopes are more perpendicular to the sun‘s rays, so are 
generally dryer and warmer, attracting plant species that prefer these conditions (Brady and Weil 
2002: 61-62). 
Time  
 The clock of soil formation starts ticking when a surface of unweathered parent material 
becomes exposed to the weathering environment for the first time.  This clock may start by the 
deposition of glacial silts on a river bank, the erosion of pyroclastic flow deposits from the 
surface of the Valley of Ten Thousand Smokes in Katmai National Park and Preserve, or the 
deposition of a thick tephra deposit upon the Southwest Alaska landscape.  The surface that is 
exposed will weather more or less rapidly depending upon local and regional conditions (i.e., 
parent material, climate, topography, and biota).  Material on a level site in a warm, rainy climate 
with permeable parent material rich in reactive minerals will weather much more rapidly than 
material on a steeply sloped site in a cold, dry climate with resistant parent material (Brady and 
Weil 2002:62-63). 
Biota  
Living organisms contribute to soil formation and weathering through a variety of 
factors.  Animals are responsible for much of the mixing that takes place in the upper soil 
column.  Ground squirrels, gophers and other small mammals bring subsurface materials to the 
surface in their burrowing.  Earthworms, termites and ants cause considerable soil mixing, as 
well as aerating the soil and making more nutrients available.    
Vegetation contributes organic matter to the soil, either through the deep fibrous root 
systems of grasslands or the leaf litter deposited on the surface of forest floors.  Some deciduous 
106 
trees pull calcium from their roots and deposit it in their leaf litter on the forest floor.  This will 
retard the acidification of the surface, slowing soil weathering, but will speed up the weathering 
process of the deeper soil horizons.  Coniferous trees, on the other hand, have needles that are 
low in calcium, causing acidic soils and higher weathering in the upper horizons.  Organic acids 
produced from these leaf litters bring iron and aluminum into solution and enable their 
downward movement through the soil column.  Vegetative cover also reduces the rate of natural 
soil erosion (Brady and Weil 2002:54-59).   
 In this section we have discussed the process of soil formation, including the role plants 
play in that process.  In the following section we will look at the needs of plants, and how these 
needs may or may not be met by volcanic soils.  This information will help us understand why 
large sections of the Alaska Peninsula have taken long periods to ecologically recover after 
major volcanic eruptions, and why these sections have formed ecological barriers to cultural 
transmission.     
Soils and Plants 
Soils provide physical support for plants, protect plant roots from temperature extremes, 
and supply plants with oxygen, water, and mineral nutrients (Brady and Weil 2002:3-6).  
Eighteen nutrients that plants extract from the soil are considered essential elements that plants 
must have to survive.   
Nine essential elements are macronutrients that plants use in relatively large amounts.  
Three of these elements, carbon(C), hydrogen (H), and oxygen (O2), are obtained largely from 
air and water in the soil.  Six macronutrients are provided largely from soil solids: nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S) (Brady and Weil 
2002: 6).  Nitrogen is a critical component of many plant compounds, including amino acids, 
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nucleic acids, and chlorophyll.  It is essential for carbohydrate use in plants, and stimulates root 
growth (Brady and Weil 2002:544).  Phosphorus is also a critical part of plant growth.  It is a 
component of adenosine triphosphate (ATP), the ―energy currency‖ that drives most energy-
requiring biochemical processes in plants, as well as deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) (Brady and Weil 2002:593).  Adequate phosphorus intake enhances 
nitrogen fixation, photosynthesis, flowering, fruiting, and maturation (Brady and Weil 
2002:593).  Potassium is the third most important element, after nitrogen and phosphorus, in 
limiting plant productivity.  Potassium activates cellular enzymes responsible for energy 
metabolism, starch synthesis, nitrate reduction, photosynthesis, and increases the ability for roots 
to take up water from the soil (Brady and Weil 2002: 621-622).  After nitrogen and potassium, 
calcium is the next most used nutrient.  Woody plants in particular use large quantities of 
calcium, to over 2% of dry plant tissue, in construction of cell walls.  Calcium is also involved in 
cell division, membrane permeability, and the activation of several critical enzymes (Brady and 
Weil 2002:404).  Magnesium is a component of the chlorophyll molecule, so is involved with 
photosynthesis in plants (Brady and Weil 2002:406).  Sulfur is an important component of 
enzymes that regulate photosynthesis and nitrogen fixation (Brady and Weil 2002: 575). 
Nine micronutrients are obtained by plants from the soil: iron (Fe), manganese (Mn), 
boron (B), zinc (Zn), copper (Cu), chlorine (Cl), cobalt (Co), molybdenum (Mo), and nickel (N).  
These, like the macronutrients, are also essential, but are used by plants in relatively small 
amounts (<0.1% of dry plant tissue)(Brady and Weil 2002: 6).  Many of these micronutrients 
(iron, copper, manganese, molybdenum, cobalt) are involved in nitrogen fixation or assimilation.  
Copper, iron and molybdenum are essential in photosynthesis and other metabolic processes.  
Zinc is a component of several enzymes, and promotes growth hormones and seed production 
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and maturation.  Nickel is needed for factors including seed viability and iron absorption.  Boron 
is important in the synthesis of nucleic acids and plant hormones.  Chloride is essential in 
photosynthesis and enzyme activation, and important in root growth (Brady and Weil 2002:640-
641). 
Volcanic Soils and Their Characteristics 
 To understand the effect of volcanism on landscapes and the revegetation of those 
landscapes, we need to understand volcanic soils and their properties.  Soil scientists use the term 
Andisols to identify soils formed on volcanic ash and pyroclastic flow deposits.  They are usually 
found near their volcanic sources and in areas downwind from the volcano vent, forming in areas 
where significant depths of volcanic ash and other ejecta accumulated (Brady and Weil 2002: 
93).  Globally they make up approximately 0.7% of ice-free land, or 1.74% of the area of the 
United States (Brady and Weil 2002: 91, Table 3.4).  Most Andisols occur around the Pacific 
Rim ring of volcanism including Kamchatka, Japan, Korea, the Philippines, Indonesia, New 
Guinea, Malaysia, New Zealand, Australia, Hawaii, and the western coasts of South and Central 
America.  In North America volcanic soils are most prevalent in parts of Washington, Oregon, 
northern California, western Canada, and in southern and southwestern Alaska (Ugolini and 
Zasoski 1979:84).    There are approximately 10,000,000 ha of volcanic-ash-derived soils in 
Alaska (Ping et al. 1989: 8), most of them on the Alaska Peninsula, the Aleutians, and the 
Kodiak Archipelago (Brady and Weil 2002: 89: Figure 3.10).     
Unlike other soil orders that are based on their weathering characteristics or the 
vegetation regimen that formed them, Andisols are distinguished on the basis that their parent 
material was relatively fresh volcanic ejecta (tephra or other pyroclastic materials). The parent 
term Andisol was coined by American soil surveyors from the Japanese words An (dark) and do 
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(soil or earth) after World War II.  The term originated because many Japanese volcanic-ash soils 
acquire a characteristic thick, dark-colored A horizon.  This black, humus-rich A horizon is best 
displayed by soils derived from volcanic ash formed under a humid temperate climate (Ugolini 
and Zasoski 1979:84-85).    
Andisols are relatively young soils, with development having started in the last 5,000 to 
10,000 years or less. They have often not had time to become highly weathered.  Volcanic soils 
are known for their low bulk density and high porosity.  Coarse and poorly weathered volcanic 
materials may have poor water retention capability, but finer and more weathered volcanic soils 
have good water retention characteristics.   Andisols are characterized by ―a low-bulk density, a 
friable consistency; a large amount of organic material on a weight basis, a clay fraction 
dominated by amorphous material, a high pH-dependent cation exchange capacity, an ability to 
fix phosphorus, and a high water content at 15-bar suction‖ (Ugolini and Zasoski 1979:83).     
The principal soil-forming process in andisols is the weathering of volcanic ash, which 
produces amorphous or poorly crystallized silicate minerals such as allophane and imogolite, and 
the iron oxy-hydroxide, ferrihydrite (Brady and Weil 2002: 93).  The allophane, imogolite, and 
aluminum-humus complexes in andisols limit the decomposition of organic matter in the soil, as 
is commonly seen in the dark A horizon, mentioned above (Ugolini and Zasoski 1979: 94).  The 
rate of development for andisols is determined by factors including soil moisture and 
temperature, rock types, and texture of tephras.  Volcanic soil development is greater in warm 
humid climates than in dry cooler climates.  It is also greater with mafic (basaltic) tephras than 
felsic (high silica) tephras (Shoji et al. 1993a:62).   
Glass has the least resistance to weathering of all the primary minerals, and is also the 
most abundant component in volcanic ash.  Consequently, glass weathering primarily determines 
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the genesis of volcanic ash soils (Shoji et al. 1993a:40).  The weathering rate of glass in the soil 
is regulated by the chemical composition of glass, surface area (controlled by grain size and the 
vesicular nature of particles), soil temperature, leaching potential (amount of water percolating 
through the ash) thickness of ash being weathered, and pH in soil solutions (Dahlgren et al. 
1993:110).  Volcanic glasses contain varying quantities of silica.  Glass from silica-poor, mafic 
eruptions is a colored glass, and is very susceptible to chemical weathering.  Non-colored glass is 
produced by silica-rich, felsic eruptions, and is less susceptible to weathering than colored glass 
12
(Dahlgren et al 1993: 103-110).   
The thickness of ash deposits impacts the weathering potential of volcanic soils by 
affecting the efficiency with which weathering products are removed.  Thinner tephra have 
weathering products removed faster, thus weather faster (Dahlgren et al. 1993:111).  Weathering 
of volcanic glass is highly sensitive to soil temperature, with weathering increasing by a factor of 
1.4 to 1.5 for each 10ºC increase in temperature (Dahlgren et al. 1993:111). 
There is a volcanic soil in the western United States, named for the eruption that 
deposited it, that is an excellent example of the slow weathering of felsic ash in cool, dry 
environments.  Soils in much of central Oregon are classified by soil scientists as Mazama soils, 
named after the 7,700 B.P. Mazama eruption that spread a thick, pumice-rich tephra over much 
of the region.  Fertility
13
 is reported to be relatively high in the upper weathered Mazama soil 
profile, but drops rapidly with depth, being ―non-existent‖ in the unweathered pumice (Deboodt 
                                                 
12
 The exception to this color rule is obsidian, a high-silica glass that varies in color from black 
to dark gray (Sigurdsson 2000). 
13
 In this case fertility is apparently used by Deboodt (2002) to mean productivity, as Mazama 
soils are productive for some timber species but not many other plant species.  See discussion of 
plant fertility and productivity in the Chapter 5 section on Volcanic Soils and Soil Fertility. 
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2002).  The Pumice Desert, a region near the volcano covered by pyroclastic flows and coarse 
pumice, has yet to completely revegetate (Horn 2002). 
Volcanic Soils and Soil Fertility 
Soil fertility can be defined as the ability of a soil system to supply plant nutrients 
(Ugolini and Zasoski 1979: 110).  Soil productivity, by comparison, is the capacity of a soil to 
produce a certain yield of a specific crop or sequence of crops under optimum management 
practices.  The evaluation of soil productivity varies with changes in the target yield, which is 
based on the technological, economic and social environment (Shoji et al. 1993b: 210).   A 
particular soil under a certain temperature and moisture regimen may supply a suite of nutrients 
that are productive for one plant species, but poorly productive for another.  For example, timber 
can be profitably grown on upland volcanic soils in Japan and Western North America (Shoji et 
al. 1993b: 209), but these soils are poorly productive for other species.  Two andisols in Alaska 
are considered of high and moderate productivity, one for pastures and the other for grasslands 
(C.L. Ping 1991, personal communication, in Shoji et al. 1993b: 212).  This must be kept in mind 
when considering the revegetation of landscapes, as some soil types may not prove fertile for 
particular species, especially those regionally available species that colonize new soils. 
Some volcanic ash soils are considered among the most productive soils in the world 
(Shoji et al. 1993b: 209).  Shoji (et al. 1993b: 210) notes ―In the tropical regions where low input 
farming is common and weathering of soil materials is rapid, volcanic ash soils are generally 
evaluated as the most productive among arable soils, especially when their parent material is 
basaltic‖.   A study in 1938 showed that the soils that supported the highest human population 
per km² in Indonesia were juvenile volcanic soils of basaltic origin, with high concentrations of 
calcium, magnesium, iron, and phosphorus (Mohr 1938, in Shoji et al. 1993b: 209).   Volcanic 
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ash soils in other tropical regions (the Philippines, Ethiopia, Uganda, Rwanda, Kenya, Tanzania, 
and Zaire) are also generally highly productive (Shoji et al. 1993b: 210-211).  Note that these 
soils are commonly thin, subject to high rates of weathering, and often basaltic.  These soils 
would be of much lower fertility if they were thick, felsic tephra deposits in colder, dryer, low 
weathering environments.  
 Most studies of Andisols have been done on Holocene and late Quaternary age tephra 
formed under the humid temperate climates of Japan, New Zealand, and elsewhere (Ugolini and 
Zasoski 1979:83).  While some Andisols in these temperate climates are considered to be quite 
fertile, many require intensive management practices to be highly productive (Shoji et al. 1993b: 
211).  Volcanic ash soils, especially those under cultivation, are easily eroded by wind and water, 
and must be carefully managed (Ugolini and Zasoski 1979:114).   
Phosphorus is commonly the growth-limiting nutrient in volcanic ash soils with natural 
ecosystems (Shoji et al. 1993b: 217).  Allophane, imogolite, and aluminum-humus complexes 
absorb phosphorus, making it sparingly available for plant uptake (Brady and Weil 2002: 93; 
Shoji et al. 1993b: 217; Ugolini and Zasoski 1979:96-97, 111).  This has been noted for tephra-
derived soils in Alaska as well (Michaelson and Ping 1986: Ping and Michaelson 1986; Ping et 
al. 1989:13).  Phosphorus is generally available in young tephras, but rapidly weathers out to be 
unavailable for plants (Shoji et al. 1993b: 218).     
 Nitrogen deficiency is a common growth limitation in volcanic ash soils (Ugolini and 
Zasoski 1979:110).  This seems contradictory, as andisols usually have high organic matter 
content, seemingly indicating a high potential for mineralization and an adequate supply of 
nitrogen.  However, as noted above, the presence of allophane, imogolite, and aluminum-humus 
complexes in andisols limit the decomposition of organic matter, thereby limiting the nitrogen 
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content in the soil.  Low phosphate availability is also a limiting factor in nitrogen mineralization 
(Ugolini and Zasoski 1979:111).     
 Some volcanic ash soils are deficient in sulfur, potassium, calcium, magnesium, boron, 
copper and cobalt (Ugolini and Zasoski 1979:112-113).  Calcium is commonly added to volcanic 
soils to raise soil pH and reduce potassium leaching (Ugolini and Zasoski 1979:112).  In young 
volcanic soils the greatest limiting factor is nitrogen.   As soils become more developed 
phosphorus is needed in addition to nitrogen (Ugolini and Zasoski 1979:113).  The unweathered 
Mazama pumice soil is markedly deficient in nitrogen, phosphorus and boron (Oregon State 
University 2007). 
Restarting the Soil Clock 
A common characteristic of volcanic soil regions is the frequent redeposition of volcanic 
tephra on the landscape.  This is especially true for the Alaska Peninsula and the Aleutian 
Islands.  Multiple tephra falls are often visible in soil profiles, commonly with well-developed 
soil horizons buried under them (Ping et al. 1989:11).  While thin tephra falls may add a new 
layer of nutrients to the soil, thicker tephra layers or pyroclastic flows may bury or sterilize the 
past landscape, interrupt the soil sequence, and completely restart the regional soil clock (Ping et 
al. 1989:12).     
Erosion can also restart the soil clock.  Thick volcanic deposits that have their surfaces 
removed by either wind or water erosion start their weathering processes anew, presenting a 
hostile environment for colonizing plant and animal species (Figure 5.1). 
Summary 
This chapter begins by reviewing the factors important in soil formation, including parent 
material, climate, topography, time and biota.  Plants are found to derive a considerable number 
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of nutrients mainly from the soil, the most important ones being nitrogen, phosphorus, 
potassium, calcium, magnesium, and sulfur.   
Volcanic soils vary considerably in their fertility and productivity.  Basaltic soils are 
more fertile than felsic, high silica soils.  Most Ring of Fire volcanoes, including the volcanoes 
on the Alaska Peninsula, are felsic, high silica volcanoes, creating less fertile soils.  Felsic soils 
commonly lack phosphorus and nitrogen because allophane and other substances absorb 
available phosphorus and block the development of nitrogen from the organics in the soil. 
Soils weather faster with high amounts of rainfall and warm temperatures, and slower in 
dryer and colder climates.  Volcanic soils in the Subarctic and Arctic weather much slower than 
in temperate or tropical climates because they receive much less rainfall and much cooler 
temperatures.  Chemical soil weathering slows to almost a standstill when soil temperatures drop 
below freezing, which they may do for half of the year on the central Alaska Peninsula.  Coarse-
grained tephra weather more slowly than fine-grained tephra because their smaller relative 
surface area, and have low water retention, offering little moisture for plants.  This means that 
coarse tephra deposits, usually found close to the volcanic vents or with larger eruptions, will 
revegetate more slowly than finer, distal air fall tephra.  
Thin ash horizons can add nutrients that are beneficial for plants, and are easy 
incorporated into existing soils.  Thick ash layers can smother plants, necessitate the formation of 
new soil horizons, and ―reset the biological clock‖ for a region.  The central Alaska Peninsula 
today is a patchwork of plant communities in various stages of revegetation, providing evidence 
of numerous past large eruptions that have regularly reset the region‘s biological clock.   
This discussion of volcanic soils shows the underlying factors causing pyroclastic flows 
or deep volcanic ash soils on the Alaska Peninsula to be slow to weather and revegetate.  This 
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slow revegetation is why catastrophic volcanism in the region can cause a large area of low 
productivity for an extended period of time.     
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CHAPTER 6) ECOLOGICAL RECOVERY OF VOLCANIC LANDSCAPES 
To accurately interpret the ecological and cultural ramifications of Holocene explosive 
volcanism on the Alaska Peninsula, we need to understand how volcanic landscapes recover after 
catastrophic eruptions, and how to reconstruct ecological environments after these eruptions.  
While the ecological effects of all volcanic products are relevant, the ecological recovery of 
pyroclastic flows is of particular interest, as it was the Aniakchak, and to a lesser extent the 
Veniaminof, pyroclastic flows at 3700-3400 rcy B.P. that created the long-lived ecological ―dead 
zone‖ on the central Alaska Peninsula.   
Given my focus on the effects of catastrophic northern eruptions, this study does not 
address the ecological recovery of landscapes impacted by basaltic eruptions (Hawaii, Iceland) 
or recovery of landscapes impacted by low latitude felsic (high silica), explosive eruptions 
(Krakatau, Tambora) because different variables (e.g., base material, latitude, and climate, 
particularly rainfall) make them poor analogs for Alaska Peninsula eruptions.  The recovery of 
basaltic landscapes is also considerably faster than felsic ones, and the recovery of tropical 
landscapes even more so.  The revegetation of tropical Krakatau was many times faster than 
would be possible in a sub-arctic environment (see Thornton 1996).   
This chapter does not examine the revegetation of the Yukon Territory affected by the 
White River Ash at ~A.D. 1150.  This topic was omitted for several reasons. First, the 
revegetation of a northern landscape with a continental climate like the White River region 
would be a poor analog for the Alaska Peninsula with its more maritime climate, probably taking 
much longer to revegetate.  Secondly, because with a few exceptions (Birks 1980a, 1980b) there 
is a dearth of literature on the topic.    
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This chapter examines revegetation worldwide from explosive eruptions, focusing on 
three that have taken place in the last century and a half.  The revegetation of mid and high 
latitude eruptions are useful analogs for the Alaska Peninsula events because of their locations 
and wealth of data: the 1980 Mount St. Helens eruption in southern Washington, the 1912 
Novarupta (Katmai) eruption in southwestern Alaska, and the 1907 Ksudach eruption in southern 
Kamchatka.  It also briefly examines the 7700 B.P. Mazama eruption, and the vegetation 
populating its deposits.  For each of the eruptions discussed (Mount St. Helens, Mount Katmai, 
Ksudach Volcano, and Mount Mazama), information is given that allows the reader to compare 
the sizes and effects of the volcanic eruptions, as well as environments and climates, between the 
four volcanoes.  Size of eruption is given in volume (in cubic kilometers, or km³) of pyroclastic 
material.  When available, air fall and ash flow volumes, sizes of areas affected, and depths of 
material are given, because these are important factors in understanding the environmental 
effects of these eruptions.  Size does mater.  Other significant variables include latitude 
(implications for temperature and solar gain), climate and elevation (temperature, growing 
season/days above freezing, precipitation), wind, and existing vegetation.  This chapter 
concludes with an analysis and summary.   
Mount St. Helens, 1980  
Mount St. Helens (Figure 6.1) has much to teach on the revegetation of volcanic 
landscapes, because ―the 1980 eruption of Mount St. Helens and its ecological aftermath are the 
most studied case of volcanic impacts on ecological systems in history‖ (Dale et al. 2005a: 3).   
The May 18, 1980 Mount St. Helens eruption and its revegetation are well documented, in part 
because the volcano is relatively easy to access from major population centers and universities in 
Washington and Oregon.  Mount St. Helens is located approximately 150 km south of Seattle, 
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Washington, and 80 km northeast of Portland, Oregon.  It is located in the Gifford Pinchot 
National Forest, which is administered by the U.S. Forest Service.  It was a regional logging and 
wilderness vacation area before the 1980 eruption.  It is now a 45, 515 hectare National Volcanic 
Monument. 
Mount St. Helens is the most active volcano in the Cascade Range, having erupted 20 
times in the last 4000 years (Swanson et al. 2005).  Native American names for Mount St. Helens 
reflected this turbulent nature, calling the mountain ―Loo-Wit‖ (Keeper of the Fire), ―Lawelatla‖ 
(One from whom the Smoke Comes), or ―Tah-One-Lat-Clah‖ (Fire Mountain) (Scarth 1999: 
211).  In some regions around Mount St. Helens, such as the area 20 km northeast of the cone, 
tephra deposited over the last 3500 years exceeds 5m in thickness, and contains multiple buried 
soil horizons and trees buried in upright growth position.  Even before the 1980 eruption of 
Mount St. Helens the mountain had been ―an island of young, volcanically constructed deposits 
and topography set in a far older, deeply eroded landscape‖ (Swanson et al. 2005:26).  The 
substantial late Holocene volcanic activity at Mount St. Helens gave volcanism a greater role in 
shaping the forests of the area than occurred in the vicinity of other regional volcanoes, where 
most forests postdate significant volcanism (Swanson et al. 2005; Yamaguchi 1993).   
Environment 
Mount St. Helens is located at latitude 46º 12′ 00″ N, longitude 122º 11′ 20″ W, 
approximately 135 km east of the Pacific Ocean, in southern Washington state.  The crater left 
by the 1980 eruption is approximately 2 km by 3.5 km in size, with the highest point on the rim 
approximately 2549 m amsl (Smithsonian Institution 2007). 
The regional climate is moderate, with warm, dry summers and mild, wet winters.  
Summer temperatures range between 7.3º and 22.3 ºC, with temperatures decreasing with 
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increasing elevation.  Mean annual precipitation at Spirit Lake, at the northern foot of Mount St. 
Helens, is over 2.30 m, but less than 7% of this falls between June and August.  The volcanic 
cone itself is exposed to a cold-winter, dry-summer climate (Swanson et al. 2005). 
 Vegetation on the volcanic cone of Mount St. Helens before the 1980 eruption was 
dominated by alpine and subalpine species.  Vegetation on the lower slopes of the mountain was 
largely conifers, divided into three general forest zones by elevation and time since last 
disturbance.  Below 900 m forests were mainly characterized by western hemlock (Tsuga 
heterophylla), but also contained Douglas fir (Pseudotsuga menziesii) and western red cedar 
(Thuja plicata). The Pacific silver fir (Abies amabilis) zone, occurring between 900 and 1300 
meters, also contained noble fir (Abies procera), Douglas fir, western hemlock, western red 
cedar, and western white pine (Pinus monticola).  The mountain hemlock zone, located between 
1250 and 1600 m, contained mountain hemlock (Tsuga mertensiana) as well as Pacific silver fir 
and Alaska yellow cedar (Chamaecyparis nootkatensis) (Swanson et al. 2005). 
1980 Eruption 
The Mount St. Helens eruption started the morning of May 18
th
, 1980.  Just after 8:30 
am, Pacific Daylight Time, an earthquake-triggered debris avalanche started the upper 400 m of 
the summit as well as the north flank of the volcano sliding to the north.  This landslide exposed 
the magma body (cryptodome), releasing pressure in a laterally directed blast to the north.  This 
pyroclastic surge overtook the landslide down slope 6 km north of the summit.  The hot 
pyroclastic surge, moving at up to 1100 km per hour, traveled west, north and east for 15 to 25 
kilometers.  A secondary phreatic (steam-driven) explosion took place several minutes after the 
initial explosion when hot blocks of the cryptodome arrived at the Toutle River and Spirit Lake 
(Moore and Rice 1984; Swanson and Major 2005).   
120 
The area impacted by the pyroclastic surge has been subdivided into three primary zones, 
depending upon the surge‘s effects upon the landscape.  The area close to the volcano has been 
called the tree-removal zone.  In this area trees and soil were stripped from the landscape.  The 
impact force of the surge decreased with increasing distance from the volcano, so more of the 
limbs and trunks of trees were left intact toward the margin of the zone.  Beyond the tree-
removal zone was a 370 km² area of blast-toppled forest called the blowdown zone.  Outside the 
blowdown zone the surge left a 0.3 to 3.0-km-wide scorch zone, evident as a 110 km² standing 
dead forest killed by the heat of the ash cloud (Swanson and Major 2005, p. 29, figure 3.2).  
Surge temperatures ranged from 100º to 300ºC (Banks and Hoblitt 1981)  
Pyroclastic flows erupted from the vent for five hours, covering approximately 15 km² of 
the debris avalanche (Swanson and Major 2005).  The main pyroclastic flow deposit, called the 
Pumice Plain to denote its composition and flat surface, ranges from 0.25m to as much as 40 m 
thick (Criswell 1987).  Emplacement temperatures of pyroclastic flows on the Pumice Plain 
ranged from approximately 300º to 730ºC, but were as high as 850ºC close to the vent (Banks 
and Hoblitt 1981).    
Lahars triggered by the eruption flooded the valley bottoms around the mountain and 
flowed long distances downstream.  The largest lahar from the May 18
th
 eruption emanated from 
the debris-avalanche deposit.  Its large volume and confinement in the Toutle River valley 
allowed it to travel 120 km down the Toutle River to the Columbia River.  The blast cloud 
melted snow and ice on the west, south and east flanks of the volcano, sending lahars tens of 
kilometers down Smith Creek, Muddy River, Pine Creek, and the south fork of the Toutle River 
(Swanson and Major 2005).   
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The total volume of uncompacted volcanic ejecta (from tephra and pyroclastic flow) for 
the May 18 eruption is 1.4 km³, with 0.3 km³ being pyroclastic flow and 1.1 km³ being tephra 
fall.  The main tephra plume from the event traveled across Washington into northern Idaho and 
western Montana (Sarna-Wojcicki et al. 1981; Swanson and Major 2005). 
Fifty-seven people were killed in the 1980 Mount St. Helens eruption.  Mortality was 
relatively low because the region around the mountain has a small permanent population, and 
because the state government had placed travel restrictions on the area (Scarth 1999: 223).   
Ecological Recovery 
The ecological recovery data for the effects of the 1980 Mount St. Helens eruptions 
comes from many tens of studies that started almost as soon as the mountain erupted.   The May 
1980 eruption left a large, visibly devastated zone 100s of km² in size, consisting of featureless 
topography near the caldera, kilometers of blown down trees, seemingly dead lakes, and long 
stretches of mud-filled rivers.  Even so, the ecological recovery of Mount St. Helens surprised 
many people with the speed with which some of the areas recovered.  While a sizeable area was 
impacted by this eruption, those areas where the underlying soil was not impacted and surviving 
plants were not deeply buried recovered rapidly (del Moral and Wood 1988).   
The fastest recovery was seen on pre-eruption clear-cuts and stable mudflow terraces and 
stream margins.  Clear-cut recovery was attributed to the survival of buried rootstocks.  Mudflow 
terraces and the edge of streams flourished because of the rapid establishment of seedlings on 
their stable, moist surfaces (Crisafulli et al. 2005; Frenzen et al. 2005). 
In the blowdown zone plants were exposed to a tremendous blast of hot air and then 
covered by varying amounts of tephra, yet it was here that one of the greatest amounts of 
vegetative recovery was seen by the summer of 1980.  The high plant survival in the blow-down 
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area was attributed to the shelter provided plants buried beneath the spring snow pack, as well as 
shelter provided by root masses and under the logs of upturned trees (Frenzen et al. 1986; Antos 
and Zobel 2005).  Test plots within 7 km of the mountain recorded vegetative cover as high as 
50% for the summer after the eruption.  Species diversity appeared to be inversely related to 
tephra depth, with the thinner the tephra, the greater species diversity.  Fireweed (Epilobium 
angustifolium) was the most commonly encountered species in the blow down area in 1980, 
followed by bramble (Rubius, 3 sp.), western brackenfern (Pteridium aquilinum), and field 
horsetail (Equisetum arvense).  Sixteen species were found to have flowered during the 1980 
season (Adams and Adams 1982).  On hillsides covered by 50 cm of tephra and surge deposits, 
gully erosion down to pre-eruption soil rapidly allowed the growth of willow (Salix sp.) and 
perennial herbs that had either colonized or sprouted from roots on the gully floor (Swanson and 
Major 2005).  Locations where the tephra was removed by erosion within the first three years 
largely assured vegetation to near pre-eruption levels after 20 years; without erosion the tephra 
disturbs the vegetative pattern for decades (Antos and Zobel 2005).  Much of the blow-down 
zone now has the well-established beginnings of young conifer forests (Frenzen 2000). 
Survival of most herbaceous species depended upon growing up through the tephra from 
the buried soil.  Tephra 15 cm deep largely eliminated the herb layer, as most species could not 
grow through this amount of ash.  Bryophytes (mosses, liverworts and hornworts) were found to 
be the most affected in the tephra-fall zone, both initially and after 20 years.  Burial with 4.5 cm 
or more of tephra eradicated bryophytes, requiring new colonization on the surface from spores.  
Bryophyte cover is expected to match pre-eruption numbers approximately 40 years after the 
eruption, though four-fifths of the colonizers are species which were rare or absent before the 
eruption (Antos and Zobel 2005).    
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Where the underlying sediments were disturbed, revegetation progressed more slowly.  
After 15 years the debris avalanche was still only 38% vegetated and extremely patchy (Dale and 
Adams 2003).  Lodgepole pine is one of the conifers to successfully establish on the debris 
avalanche.  Another tree, red alder (Alnus rubra) has flourished on the debris avalanche, growing 
10 to 20 times faster than competing evergreen tree species.  It is thought that much of the debris 
avalanche will be covered in a dense thicket of alder by 2010 (Frenzen 2000).   The region 
covered by the pyroclastic flows has been the slowest to recover, due to the absence of surviving 
plants and considerable distance to seed sources (Frenzen 2000).   
Katmai (Novarupta) 1912 
The revegetation of some volcanically impacted landscapes from the 1912 eruption of 
Novarupta on the upper Alaska Peninsula provide reasonable analogs for the 3400 rcy B.P. 
Aniakchak eruption.  The eruption took place at a similar latitude (Novarupta is located 225 km 
northeast of Aniakchak), and subject to a similar climate.  Unfortunately, ecological recovery 
data for the Katmai region is patchy, with no extensive modern studies.  Revegetation data is 
based on studies in the late 1910s and 1920s, the 1950s, and brief surveys in 1992 and 2001 
(Cahalane 1959; Griggs 1915; 1919a; 1919b; 1922; 1933; Rice et al. 1992). 
Environment 
The eruption vent of the Katmai eruption is Novarupta, located at the head of the Valley 
of Ten Thousand Smokes near the base of Mt Trident, at latitude 58º 15′ 55″ N, longitude 155º 
09′ 30″ W.  Novarupta is located approximately 30 km west of the Pacific Ocean, on the western 
(Bristol Bay) side of the Aleutian Range, and over 120 km from Bristol Bay.  The Novarupta 
caldera is approximately 6 km in diameter, but has been filled in by ash fall deposits and a lava 
plug.  The lava plug is 380 m in diameter, with the highest point on the plug approximately 840 
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m amsl.  The Valley of Ten Thousand Smokes pyroclastic (ash) flow extends 24 km north and 
northwest from Novarupta to its toe at 130m amsl (Hildreth 1983).  
The climate on the Katmai coast and on the Bering Sea side of the Alaska Peninsula 
differ somewhat, with the Katmai coast being more maritime and the Valley of Ten Thousand 
Smokes somewhat more continental.  The Katmai coast has cool summers and moderate winters, 
while west of the Aleutian Range the summer temperatures are warmer and the winter 
temperatures cooler (Cahalane 1959:10).   
  Mean annual precipitation across the peninsula ranges between ~50 and 200 mm 
(Cahalane 1959:10).  Higher altitudes, including upper The Valley of Ten Thousand Smokes, 
receive heavy summer rains, and winds throughout the year that can reach over 160 km hr 
(Cahalane 1959:11; Griggs 1922:199).   
Lowland vegetation for the region (below 365 m) is a mix of white spruce forest (Picea 
glauca) and marsh-bog habitat.   Higher elevations (above 365 m) are clothed in low-growing 
vegetation, including alpine plants like running club moss (Lycopodium clavatum), crowberry 
(Empetrum nigrum), alpine azalea (Loiseleuria procumbens), and arctic wormwood (Artemisia 
senjavinensis)(Cahalane 1959: 12-13). 
1912 Eruption  
 The Katmai eruption started the morning of June 6, 1912, though earthquakes had been 
felt throughout the region since May 31.  Native residents reported eruptive activity in the upper 
Katmai Valley that morning, though it is unclear what aspects of the eruption were observed 
(Griggs 1922:17; Hildreth 1983).  The Plinian eruption column from the Novarupta vent was 
first observed at 1 pm by observers 88 km to the southeast on the steamer Dora, as the steamer 
traveled northward up Shelikof Strait.  This column pushed ash up to 26 kilometers high, feeding 
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a high umbrella cloud more than 1600 km wide.  Winds pushed the ash-laden clouds to the east-
southeast (Figure 6.2).  Ash fall began in the village of Kodiak by 5 pm, located 170 km 
downwind, and by the next day had spread 1,000 km east and at least 100 km west.  The main 
pyroclastic flow deposits for the Valley of Ten Thousand Smokes were emplaced during the first 
day of the eruption, filling much of the valleys occupied by the Lethe River and Knife Creek.  
During the first or second day of the eruption the peak of Mt Katmai, 10 km east of Novarupta, 
collapsed, leaving a 600 m deep caldera.  A magma chamber under Mt Katmai was hydraulically 
connected to the Novarupta vent; all known ejecta is believed to have come from the Novarupta 
vent.  Plinian eruptions took place on June 7 and 8 as well.  
The eruption lasted for 60 hours, and ejected at least 20 km³ of air fall tephra.  The 
approximately 11 km³ of ash flow tuff traveled 24 km down valley, eventually covering 120 km² 
of valley up to 250 m thick.   The majority of the ash flow in the Valley of Ten Thousand 
Smokes, including the distal portion, is rhyolite (77% SiO2).  Later ash flow deposits covering 
the upper ash flow are a mix of largely dacite (66-64.5% SiO2) and andesite (61.5-58.5% SiO2) 
with some rhyolite (Fierstein and Hildreth 2001:11-12; Hildreth 1983; Miller et al. 1998:17).  
Pyroclastic flow erupted east 6 km through the Pacific side of Katmai Pass, but did not continue 
down to tidewater.     
Griggs presents evidence that suggests pyroclastic surges came down Katmai Valley (the 
valley leading from Katmai Pass to Katmai Bay) and also impacted other locations along the 
Pacific coast.  In these locations vegetation was subject to effects similar to those in the scorch 
zone at Mount St. Helens, where trees were killed but left standing.  His description suggests a 
pyroclastic surge (hot gas cloud) moved down the Katmai Valley but cooled by the time it 
reached Katmai Village, where three dogs survived the eruption.  Scorched alders at Russian 
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Anchorage in Kinak Bay suggest that hot pyroclastic currents may have been present 50 km from 
the Novarupta vent (Griggs 1919a).     
Rafts of floating pumice from the eruption were observed in Shelikof Strait, thick enough 
that a boat could not be paddled through them.  Ash from the eruption covered the Katmai coast 
with approximately 1.5 m of tephra, with Kodiak receiving 30 cm.  Ash from the eruption circled 
the globe, and the eruption‘s sulfuric acid signature is clearly discernable as an acid spike for that 
year in the Greenland ice cores.  Sulfuric aerosols from the eruption formed acid rains on La 
Touche Island 500 km to the east that caused stinging burns where it touched exposed skin.  The 
aerosols were still concentrated enough after reaching Puget Sound to corrode brass and eat holes 
in linen washing hanging out of doors.  No people were killed in the Katmai eruption, in large 
part because it took place in a moderately remote region of the Alaska Peninsula (Fierstein and 
Hildreth 2001:11-12; Griggs 1919a; Griggs 1922:25; Hildreth 1983).  
 The first recorded observation of the Valley of Ten Thousand Smokes after the June 1912 
eruption was by Robert F. Griggs and a coworker on July 31, 1916.  They caught sight of the valley 
after hiking from Katmai Bay on the Pacific coast through Katmai Pass.  Griggs and his companion 
were awed by the sight of tens of thousands of steaming fumaroles, over 1000 of which were 
sending steam columns over 500 feet in the air (Griggs 1922:189-191).  Griggs, who gave the valley 
its name, returned with later National Geographic expeditions to further explore the valley.  The high 
temperature fumaroles in the ash flow sheet steamed vigorously for about 15 years (Hildreth 1983). 
Griggs and other researchers never understood that the ―Katmai‖ eruption came solely from the 
Novarupta vent, not from both Novarupta and Mount Katmai.  It fell to G. H. Curtis, who 
painstakingly mapped the pyroclastic flow and air fall deposits in 1953-1954, to prove that 
Novarupta had been the single vent for the 1912 eruption (Curtis 1968). 
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Ecological Recovery 
 The ecological recovery data for the Valley of Ten Thousand Smokes and the adjacent 
region come from a series of studies conducted largely in the early and middle parts of the 
twentieth century.  The Katmai National Monument itself owes its existence to the study and 
publicity given to the Valley of Ten Thousand Smokes and the surrounding region by the 
National Geographic Society and its lead researcher, Robert F. Griggs.  Griggs organized a series 
of ecological studies of the region between 1915 and 1930, and produced a considerable body of 
literature (Griggs 1915; 1918; 1919a; 1919b; 1922; 1933; Griggs and Ready 1934).  A later 
biological study was conducted in 1954 and 1955 by the National Park Service (Cahalane 1959) 
as part of the ―Katmai Project‖, a larger study that included an inventory of the park‘s natural 
and cultural resources.  No systematic study focusing on the ecological recovery of the Valley of 
Ten Thousand Smokes and surrounding area has been undertaken since that time.  A brief two-
day study of vegetation on the upper ash flow was done in 1992 as part of an environmental 
impact study for a proposed drill site on the ash flow.  The study simply generated a list of 
species present (Rice et al. 1992).  Robert Nelson and I visited the Valley of Ten Thousand 
Smokes for one day in August 2001 to take soil samples and photographs.   
Kodiak Revegetation Observed by Griggs in 1915-1917 
 Kodiak, after the June 1912 tephra fall from the Katmai eruption, was a bleak, gray place, 
with volcanic ash blowing across the landscape, forming snowdrift-like mounds behind low 
vegetation.   Residents worried that it would never recover, but the optimistic biologist Griggs 
thought that in ten years it might recover in some abundance (1922:45).  Trees had weathered the 
ash fall relatively well, but low-lying vegetation (lichen and moss, grass, perennials and low 
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bushes) was covered by the approximately 30 cm of ash.  Instead, by June of 1915 Kodiak Island 
was again green.   
 Recovery was varied across species.  The sulfur associated with the ash merely caused 
temporary discomfort for Kodiak residents, but it was potent enough to kill the arboreal lichen, 
taking four years to reappear in any quantity (Griggs 1919a).  Soil samples were taken from 
patches of unvegetated soil on Kodiak and on the Katmai coast four and five years after the 
eruption, and tested for acidity and mineral content.  The sulfuric acid and ferrous sulfate content 
in some samples were so high ―as to preclude the possibility of plants surviving‖ (Shipley 
1919:219).   
Burial by a small amount of ash was enough to catastrophically affect some species.  
Sphagnum and other low-growing bog plants were killed by burial in the tephra, with 5 to 8 cm 
of tephra enough depth to extirpate the sphagnum from broad areas of the ash fall (Griggs 1918).     
 Most seedlings did poorly in the unfertilized ash.  A plot of timothy grass was seeded 
soon after the eruption at a government experimental farm on Kodiak.  The seeds sprouted and 
grew, but were still only about 7 cm tall at the end of four years (Griggs 1922: 52).   
 Virtually all the recovery of understory vegetation on Kodiak came from existing plants 
in the underlying soil pushing upward through the ash.  Lupines (Lupinus sp.), fireweed, and 
other ―strong-stemmed perennials‖ grew up through the ash the first summer, but they were not 
abundant (Griggs 1918:3).  The Katmai ash fall on Kodiak was composed of three layers of ash.  
The middle layer was fine grained, and when in a well-drained location formed a compact layer 
that plants had difficulty growing through (Griggs 1918). 
An understory plant that was one of the big winners in the revegetation race on Kodiak 
was the field horsetail.  Griggs (1918:43) notes that horsetail was ―by far the most important 
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species of the flora in providing a new plant cover on the ash.‖  Horsetail was important in 
vegetational recovery because it could rapidly vegetate an ash surface, stabilizing it and allowing 
other species to take root.  Where burial by 30 cm was fatal for many plants, horsetail could 
grow through 75 to 90 cm of tephra.  It spread by rootlets, even from rhizomes that had been 
buried for three or more years (Griggs 1918; Griggs 1922:53). 
Trees were another big winner on Kodiak after the 1912 eruption.  The spruce and 
hemlock on northern Kodiak Island (the southern end of Kodiak Island is un-forested) grew 
poorly the year or two after the eruption, but grew rapidly in the next five years.  Similar growth 
in spruce was reported at Brooks Lake, ~50 km from Novarupta, which received a similar or 
slightly heavier ash fall (Eicher and Rounsefell 1957).  This was not because of any fertilization 
from the tephra, but because the ash acted as a mulch, smothering the smaller plants and 
reducing competition.  The ash, when combined with the mucky, poorly drained Kodiak soil, 
actually made a better growing medium, with better drainage and aeration properties (Griggs 
1918; Griggs 1922:48, 53).   
Studies on the Katmai tephra showed that it had little to offer as a fertilizing medium, 
―having in fact practically the composition of pulverized granite‖ (Griggs 1918: 16-17).  Samples 
of the ash were tested for their nitrogen content, and found to contain 0.05 parts per million.  
Ordinary soil, by comparison, contains between 2 and 8 parts of nitrogen per million, with rich 
garden soil containing up to 20 parts per million (Shipley 1919).  In another test, wheat seeds 
were grown in jars of the ash, with differing combinations of nitrogen, potassium and 
phosphorous added as fertilizers.  While nitrogen was found to be the most important single 
mineral added, unless a complete fertilizer was added (containing all three nutrients) the plants 
turned red and died when the nutrient stored in the seed had been exhausted.  A similar 
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circumstance occurred with an oat crop planted the year after the eruption.  The oats were 
fertilized with nitrates, and did well the first year.   Similar actions in subsequent years garnered 
poor crops, presumably because the little phosphorous, potassium and other essential minerals 
were leached out with the first crop (Griggs 1922:47, 50).    
Katmai Coast Revegetation Observed by Griggs in 1915-1917 
Parts of Katmai‘s Pacific coast, particularly Katmai Bay and Katmai Valley, were heavily 
impacted by the 1912 eruption.  The coast was not impacted by thick pyroclastic flows, as was 
the Valley of Ten Thousand Smokes, but some regions were swept by thin, hot, pyroclastic 
surges.   It appears a pyroclastic surge swept from Katmai Pass down the valley, killing trees on 
the western side and in the center of the valley, but sparing some on the sheltered eastern side.  
Griggs believed that similar effects from the Katmai eruption impacted the coast at Kinak Bay, 
killing the alder facing the eruption but sparing the alder on slopes sheltered from the blast 
(Griggs 1919a).  Analysis by a later researcher ascribed the alder defoliation at Kinak Bay to 
―gasses or fumes‖ (Wilcox 1959: 454), possibly sulfuric acid rain.   
Tephra fall across the Katmai coast varied from over 2 m to less than 15 cm (Griggs 
1919a).  An indirect effect of the eruption and the tephra fall was the catastrophic flood that 
cascaded down Katmai Valley in June of 1915.  The rapid draining of a lake high in the drainage 
caused the flood.  The lake had been formed by a landslide that took place at the beginning of the 
1912 eruption, damming a broad valley and impounding a lake over 120 m deep.  In June or 
early July of 1915, shortly before the arrival of Griggs and his party, the lake had overtopped the 
dam, causing a jökulhlaup down the Katmai Valley, shearing off trees and choking the Katmai 
River and bay with ash and logs (Griggs 1922:115-117).  
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A depth of 90 cm or more of tephra was enough to extinguish all vegetation in the 
Katmai region.  In depths of between 30 and 90 cm the main species to revegetate the ash was 
horsetail.  In the pyroclastic surge-killed forest in the Ukak valley below the Valley of Ten 
Thousand Smokes, all other low-growing vegetation was smothered by 60 cm of tephra.  
Horsetail grew waist high in this area 5-7 years after the eruption, and was the sole growing plant 
for many square kilometers (Griggs 1918; 1919a).  Horsetail was the most successful colonizer 
not because it was hardier or could better endure burial but because it could send out much 
longer runners than other plants.  A substantial number of native species were found to be able to 
grow from existing buried roots even three years later when the tephra covering was removed 
down to the buried soil (Griggs 1919a).  
Lupines (Lupinus nootkatensis) were an early colonizer of the flood-deposited ash in the 
lower Katmai valley.  They were able to grow in the pumice-rich ash, even with its lack of 
nitrogen, because of the nitrogen-fixing bacteria active in their root nodules.  Lupines were not 
found in any number in the tephra deposits above the floodplain, possibly because the river-
transported ash contained bacteria from the pre-eruptive soil needed by the lupines, while this 
was lacking in the air fall ash (Shipley 1919). 
With the exception of horsetail, the most successful species to grow through the ash were 
those that could put out a second set of roots near the surface of the ash.  Plants with these two-
tiered root system included Alaska willow (Salix alaxensis), pussy willow (Salix nuttalli), 
greyleaf willow (Salix glauca), Devil‘s Club (Echinopanax horridum), bluejoint grass 
(Calamagrostis canadensis, var. langsdorfii), round-leaved birch (Betula rotundifolia), 
salmonberry (Rubus spectabilis), oval-leaf blueberry (Vaccinium ovalifolium), and tufted hair 
grass (Deschampsia caespitosa).  One of the above species, the Alaska willow, was the tree 
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species that most successfully weathered the eruption.  Within seven years after the eruption it 
had largely recovered in the Katmai Valley where poplar and alder were still largely decimated 
(Griggs 1919a).  Another of these species, bluejoint grass, was found growing in large stands 
through 15 to 30 cm of ash along the west side of the Katmai Valley (Griggs 1919a). 
 Griggs reports that the year after the eruption tree lichens (Bryoria sp.) were found dead 
throughout the region from the sulfur in the tephra.  Sulfur was presumed to be the cause of the 
death of terrestrial lichen as well, for Griggs noted ―the natives on the Bering Sea side of the 
peninsula reported the destruction of the reindeer ‗moss‘, with disastrous effects on the herds of 
caribou that were formerly abundant‖ (1919a: 181).  
VTTS Revegetation Observed by Griggs in 1917-1930 
 In less than a decade researchers discovered plant life on the Valley of Ten Thousand 
Smokes pyroclastic flow.  As early as 1917 moss and algae were observed growing around some 
of the milder temperature fumaroles (Griggs 1922:209).  By 1919 dense carpets of blue-green 
algae and moss around fumaroles had increased to where they formed ―conspicuous spots of 
bright green, visible sometimes for a mile (Griggs 1922:223).   
 Griggs returned to the Valley of Ten Thousand Smokes in 1930.  He was surprised to 
find dense carpets of liverworts across the pyroclastic flow around the fumaroles of the upper 
valley, where nothing had lived when he had left in 1919 (Griggs 1933).  The liverworts 
belonged to two species: Cephaloziella byssacea and Lophozia bicrenata.  Of the liverworts, 
Griggs noted, ―Their growth had become thick and heavy, the shoots densely felted together 
intro continuous unbroken carpets half an inch thick‖ (Griggs 1933:103).  The valley had largely 
stopped steaming by this time, but fumarole activity had been enough to keep much of the 
surface soil in the upper valley warm and moist.  Griggs presumed the liverwort carpet growing 
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on the pyroclastic flow was the first stage in vegetational succession, progressing into rapid 
revegetation by higher plants.  A few isolated clumps of the first of these higher order plants 
(bluejoint grass) were even observed growing near the Novarupta vent. 
VTTS Revegetation Observed by Cahalane in 1953/1954 
 In 1953 and 1954 Victor Cahalane conducted a biological survey of the Katmai National 
Monument (1959), now the Katmai National Park and Preserve.  As part of this survey he did a 
vegetational study of the Valley of Ten Thousand Smokes.  Cahalane found that four species of 
algae and mosses were still present in the throats of the remaining fumaroles at the base of Baked 
Mountain and north of the Novarupta vent, but was surprised to note that in the intervening years 
the liverworts had disappeared completely from the ―welded tuff‖ (pyroclastic flow).  He found 
no trace of them in his many miles of walking survey of the valley.  He attributed the loss to the 
decline in fumerolic activity in the upper valley and desiccation of the pyroclastic flow 
(Cahalane 1959:69).    
 Cahalane noted that the pyroclastic flow offered a harsh environment for vegetation to 
become established on, calling it ―the most sterile habitat imaginable‖ (1959:69). Factors that he 
saw hindering the establishment of vegetation included the sterile, nutrient-poor sediments and 
their extreme porous nature.  Another factor inhibiting revegetation was wind.  Numerous 
willows were found showing evidence of sandblasting, with other plants exhibiting wind 
desiccation or ―wind scald‖ (1959:70).  Clumps of grass were found on little hills, the 
surrounding surface having been blown away (Cahalane 1959:70).  He also observed 
considerable evidence of sheet wash, eroding and re-depositing the surface of broad areas of the 
flow (Cahalane 1959: 80).  
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   Cahalane set up six ~0.05 hectare plots (Plots A-F): three in the Knife Creek valley and 
three in the Lethe River valley, to allow the long-term monitoring of the revegetation of the 
valley‘s pyroclastic flow.  Corners of these plots were marked with ~2.5 cm diameter aluminum 
pipe driven at least 45 cm into the ground, with 90-120 cm sticking up.  Each plot was also 
located by taking sightings with a Brunton compass on distinctive geographic points from one of 
the corners to allow later triangulation and relocation.  (Unfortunately, this was long before the 
availability of GPS.)  Plots A, B and E are represented (in Cahalane: 1959) in Figures 1, 2, and 3, 
which give plant locations and common names.  Plots C, D, and F contained no vegetation and 
are not illustrated.  Cahalane gives a list of all seed plant species found in the eastern third of the 
Valley of Ten Thousand Smokes (1959:70-71).  Of the 35 species listed, 13 are grasses and 
sedges and 11 are willow. 
Cahalane found several ―islands‖ of plants (refugia)14 at the base of Mount Katmai 
containing 15 species of plants that he believed to be survivors of pre-eruption vegetation.  These 
refugia, each less than an eighth hectare in size, were in a small canyon between Knife Peak and 
Mount Katmai.  Interestingly, while seven species in these refugia were found elsewhere in the 
area, eight species were found nowhere else in the Valley of Ten Thousand Smokes.  Cahalane 
attributed their survival to 1) exposure by wind after being covered by ash, 2) rock promontories 
above the refugia that diverted remobilized ash that would have recovered them, and 3) an 
adequate supply of water from seepage out of the rock strata (Cahalane 1959:71-72).  It is 
unstated, but presumably these refugia somehow escaped coverage by pyroclastic flow.   
Snowdrifts probably still covered them during the eruption, given their location on the hillside 
just above the valley floor (see Cahalane 1959: Plate 7.2). 
                                                 
14
 Refugia, or isolated habitat ―islands‖, are also called ―kipuka‖ in vulcanological contexts, for 
isolated areas in an ash or lava-covered landscape not covered by ash or lava (Thornton 2000).  
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VTTS Revegetation Observed by Rice: 1978-79, 1992 
 In the summer of 1978 or 1979 Bud Rice, a backcountry ranger for the National Park 
Service spent considerable time hiking the Valley of Ten Thousand Smokes.  While there he 
attempted to find Cahalane‘s six test plots.  He found only one with the aluminum corner stakes 
still intact.  The others were thought to have been lost because of wind or water erosion and 
deposition, or vandalism/―eco-cleanup‖ (Bud Rice, personal communication 2001).    
 During July 7-11, 1992 Bud Rice, then an Environmental Protection Specialist with the 
National Park Service, again toured the upper area of the Valley of Ten Thousand Smokes while 
working on an Environmental Impact Statement for the Proposed Katmai Scientific Drilling 
Project (Rice et al. 1992).  While there he and companions identified 37 species of plants that 
they had observed in the ―Novarupta Tephra Ring‖ (Rice et al. 1992:1), presumably the basin 
containing the Novarupta plug.  At least 26 of the 37 plant species identified in 1992 were new 
colonizers, not present when Cahalane did his survey approximately 38 years before (Bud Rice, 
personal communication 2001).  Twenty-four of the 35 species present in the earlier survey were 
not present in 1992.  Only two of the new species were plants growing in the refugia noted by 
Cahalane between Knife Peak and Mount Katmai.    
VTTS Revegetation Observed by Nelson and VanderHoek in 2001 
 This author‘s experience in the Valley of Ten Thousand Smokes was unfortunately very 
brief.  The dissertation methodology required soil data from test pits at multiple places on the ash 
flow to chart soil development.  I flew into the valley accompanied by Robert Nelson of Colby 
College.  We landed first on the head and then the toe of the ash flow for soil testing.  I 
conducted the first set of soil tests in the valley approximately 1 km W of the Novarupta plug.  
(See Figure 6.3, for testing locations on VTTS ash flow).  
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Few plant species were observed growing on the upper flow.  Most of these were low 
growing, often taking root in rivulets where finer soil had accumulated.  Plant species present 
included mountain sorrel (Oxyria digyna), sedges (Carex, two species), grasses (Festuca sp.), 
willow (Salix sp.), and alder (Alnus sp.).  Dwarf fireweed (River beauty/Epilobium laticollis) and 
avens (Geum sp.) were encountered near the spring coming from beneath the base of the 
Novarupta tuff ring.  
 Drainage patterns cover almost the complete surface of the flow in the main valley.  It is 
obvious that wind and water erosion regularly rework the surface of the pyroclastic flow.  There 
were at least five general types of surfaces visible on the upper flow near where the upper tests 
were located.  One surface appeared to have been ablated in the past, with a moss/cryptogamic 
crust covering between the pumice and scoria fragments.  Test pit 1 was located on this surface.  
A second type of surface showed recent ablation and water erosion with a pumice/scoria lag (to 
>10 cm diameter).  Test pits 2 and 3 were located on this type of surface.  A third surface 
consisted of slightly incised watercourses with more visible fines (Figure 6.4).  The few 
colonizing grasses and sedges favored these rill environments.  A fourth surface consisted of 
small flat areas (30 cm – 5 m in diameter) covered with fines, which appeared to periodically 
experience short-term ponding.  A fifth surface was the occasional fumaroles, visible as holes or 
linear features across the landscape.   
Very little vegetation was evident on the flow, and none was visible on the mountains 
near the vent from our location.  Mountains to the east of the vent were deeply covered with 
tephra and still poorly vegetated.  Down the valley toward the toe of the flow a devegetated strip 
was evident on the mountainsides just above the ash flow, but above this strip vegetation had 
returned.  
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After completing soil tests on the upper part of the ash flow we reboarded the aircraft and 
flew 21 km down the valley for testing at the toe of the flow.  There the massive nature of the 
flow was most evident.  The toe of the flow was still >10 m thick.  Stream cuts in the ash flow 
had vertical walls.  Stream valley bottoms near the toe of the flow were vegetated by poplar 
(Populus), birch (Betula kenaica), and white spruce (Picea glacua), presumably growing in the 
parent soil beneath the ash flow.  The top of the lower flow was largely barren, with several 
willow and fireweed the only colonizers.  The vegetation beyond the toe of the flow appeared 
like that found elsewhere in the interior of the peninsula, having had almost 90 years to 
recolonize the tephra covered region.    
Ksudach Volcano 
 The 1907 eruption of the Ksudach Volcano is worthy of mention here because it is one of 
the few high latitude explosive volcanoes in a similar climate for which ecological recovery data 
are available.  It is a modern study with a single, well-constructed dataset (Grishin et al. 1996), 
which has as one of its authors Roger del Moral, one the leading researchers involved in the 
ecological recovery of Mount St. Helens.  The information below comes from Grishin et al. 
(1996) except where noted.        
Environment 
 Ksudach Volcano is located on the southern Kamchatka Peninsula at latitude 51º 45' N, 
longitude 158º 00' E, approximately 40 km west of the Pacific Ocean.  The modern caldera is 8 
km in diameter, ranges in height from 900 to 1000 m amsl, and formed approximately 1700 B.P.  
The 1907 event erupted from the Shtyubel‘ Cone located within the caldera.   
 The regional climate is maritime northern boreal with short, cool summers and 
moderately long, cold winters (Walter and Breckle 1986).  Weather records from within 
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approximately 30 km of the volcano list an annual precipitation of 1.4 m, with variable 
precipitation occurring throughout the year.  Growing season temperatures are mild (10-12 ºC) 
but winters are extreme, with deep snow (>2m); snow cover can last through June in shaded 
areas.   
Southern Kamchatka forests below 300-400 m amsl are dominated by stone birch (Betula 
ermanii), with subalpine alder (Alnus kamtchatica) to 800 m amsl, and alpine vegetation above 
this (Hultèn 1974).  The vegetational zones occur at low elevations at this latitude due to strong 
marine influences, short growing seasons, and heavy snow pack.   
1907 Eruption 
 On March 28, 1907, the Shtyubel‘ Cone of the Ksudach Volcano erupted, ejecting 
approximately 1.5 to 2 km³ of dacitic/andesitic tephra.  The ash fall can be traced 200 km 
northeast of the volcano, forming an important tephra horizon that covers the southern section of 
the Kamchatka Peninsula (Braitseva et al. 1997).  North of the caldera tephra deposits exceed 
over 4 m in depth, with depths of over a meter still found 14 km to the north.  The region of deep 
tephra extends in altitude from 900 m amsl to below 200 m amsl, and covers over 100 km² 
(Grishin et al. 1996, p. 130, Figure 1).   
Approximately 1800 km² of stone birch forests were impacted, with an area of between 
500 and 600 km² substantially affected by the deposition of over 30 cm of tephra.  Forest 
vegetation was largely destroyed over an area of approximately 200 km², with 71 km² containing 
a few surviving trees and the remaining area totally destroyed.  No people were reported killed 
by the Ksudach eruption.   
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Ecological Recovery 
 The ecological recovery data for the 1907 Ksudach eruption are based on two series of 
transects conducted in August 1994.  One series was located between 4 and 10 km north the 
caldera, between 200 m and 500 m amsl, where the tephra was at least 80 cm deep, and almost 
all vegetation was from primary succession.  The other series of transects were taken 
approximately 10 km north of the caldera at 200 m amsl, perpendicular to the pumice depth 
gradient.  This set sampled the vegetation growing on increasingly thinner tephra, ranging in 
thickness from 95 to 19 cm.   
Grishin et al. (1996) defined three zones of different ecological impact.  Zone I, 
corresponding to pumice thicknesses greater than 100 cm, contained no surviving vegetation 
from the pre-eruption environment.  Shrubs, herbs, mosses, lichens, and some trees were killed 
immediately, while the remaining trees dies shortly thereafter.  No trees have recolonized this 
zone.  It remains a ―lichen desert‖ (Grishin et al. 1996:132), with few herbs and shrubs.  Only 
primary succession occurs in this zone.  Revegetation has been restricted by isolation from 
colonizing seed sources, stressful microclimates, surfaces and substrates that are acidic and poor 
in nutrients, and inhibition of seedlings by lichens.     
Zone II occurs where pumice is 30 to 100 cm thick.  Vegetation is represented by stands 
of birch intermixed with areas of lichen and dwarf shrubs.  Vegetative succession is affected by 
sporadic survival of trees and tall shrubs, dead snags that attract birds and facilitate seed 
dispersal from their droppings, dead wood that create favorable microsites, proximity to 
surviving vegetation, and thinner pumice that permits colonizing species to reach buried soils.  
Lichen deserts remain dominant on more stressful sites.  The transition from Zone II to Zone III 
is relatively abrupt.    
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Zone III received less than 30 cm of pumice, and exhibits substantial survival of original 
species.  Much of this zone has well-developed forests similar to nearby less disturbed forests.   
 Considerable wind erosion was noted, particularly on thicker deposits, which has 
redistributed tephra throughout the area.  Continual wind desiccation and erosion has restricted 
lichen colonization on some sites, with large unvegetated surfaces visible.  Vascular plants were 
found in protected sites throughout the region, showing a significant seed rain by wind dispersed 
species.  Birches with physically abraded roots, which had attempted to colonize the thicker 
deposits, were commonly found uprooted from erosion.  Birch trees that survived the eruption 
were found where tephra deposition was 70 cm or less.  Isolated surviving trees were found on 
tephra deposits between 30 and 70 cm in thickness.  Birch forest decline from regional volcanism 
was seen with even small amounts of tephra deposition: 8% died with only 3 cm of tephra, while 
20% died with 10 to 12 cm of tephra (Grishin et al. 1996).  This decline of the broadleaf forest 
canopy is explained by the authors as a result of ―drying out‖ (Grishin et al. 1996:146), though it 
is unclear whether they refer to soil drying or the drying effect to the leaf canopy from tephra 
deposition.      
 Interestingly, only isolated wind dispersed species such as herbaceous plants and mosses 
were reported on the thick tephra deposits 15 years after the eruption, with no lichen colonies 
evident (Hultèn 1974).  These same areas almost 75 years later had substantially fewer vascular 
plants.  Large lichen crusts now dominate the ―pumice desert,‖ possibly capable of inhibiting 
pioneer vascular plants on the pumice deposit indefinitely (Grishin et al. 1996:147-148). 
 Flood plains experienced continual erosion and had tephra removed soon after deposition.  
Inset canyons and river valleys harbor distinctly different vegetation, where a mosaic of willow 
forests and herb vegetation has nearly recovered.    
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 The key finding of this post-eruption revegetation study was that tephra depth was a good 
predictor of the mortality rate of species after tephra fall, and of the relative rate of vegetational 
succession.  The moss-lichen layer was eliminated by 10 cm tephra deposits, the herb-dwarf 
shrub layer by 30 cm deposits, and the tree layer by deposits over 70 cm, with absolutely no 
vegetation surviving where deposits exceeded 1m.  Normal climax stage vegetation in this region 
is expected to require over 2000 years of undisturbed development, with several generations of 
stone birches to permit normal soil development and permit rarer or poorly dispersed species to 
colonize.  In discussing the rate of advance of birch through Zone II into deeper and deeper 
tephra deposits, Grishin at al. (1996: 150) note ―The rate of advance will decline with pumice 
thickness if it has not already stopped.  Further colonization will then require significant 
amelioration of the substrate, which will occur on a geomorphologic timescale‖ (emphasis 
added). 
Mount Mazama 
Mount Mazama is located in southern Oregon at latitude 42º 56' N, longitude 122º 06' E, 
approximately 185 km east of the Pacific Ocean.  The caldera is 8 by 10 km in size, and reaches 
a height of 2470 m amsl (Wood and Kienle 1990).   
 The 7700 B.P. Mount Mazama eruption formed the volcanic caldera now called Crater 
Lake, located in Crater Lake National Park.  The eruption produced ~147 km³ (± 20%) of 
pyroclastic ejecta, the majority of which was ash fall (~122 km³) and ash flow deposits of 
rhyodacite (~70%SiO2), but also included andesite and mafic andesite (59-62% SiO2).  Flow 
deposits totaled approximately ~25 km³.  Mazama ash is >50 cm deep at Newberry Volcano, 110 
km northeast of Crater Lake, and >1 cm thick 1200 km away in southwestern Saskatchewan 
(Bacon 1983).  The pumice-rich tephra fall from the Mazama eruption covered a vast area of 
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central Oregon with a thick enough depth of pumice tephra (> 4 m to 20-25 cm) that the region is 
considered a distinct ecological province.  The Mazama Biological Province stretches from the 
remnants of Mount Mazama (Crater Lake) over 190 km to the north and over 95 km to the 
southeast, covering an area of >20, 600 km² (Oregon State University 2007).   
 Recent research has shown that the Mazama Biological Province vastly under-represents 
the area actually impacted by the Mazama eruption.  Much of the Willamette Valley is underlain 
by a clay-like tephra from Mount Mazama that is the cause underlying the boggy nature of the 
region (James and Baitis 2003).   
Ecological Recovery: Mazama Biological Province 
 Most of the Mazama Ecological Province is covered with evergreen forest, consisting of 
ponderosa pine (Pinus ponderosa) (55%), lodgepole pine (Pinus contorta) (20%), western juniper 
(Juniperus occidentalis) (10%), fir (Abies sp.) and hemlock (Tsuga sp.) (10%), and the rest 
sagebrush (Artemisia tridentata), marsh and grassland (Oregon State University 2007).  Mazama 
soils have only weathered approximately 25 cm deep, with the underlying pumice unweathered 
and nutrient poor.  Ponderosa pine grow poorly on deep pumice sands, but do well on greater 
than 50 cm of pumice soil when it caps a buried loamy soil.  Tree replanting in some areas has 
been found to require rootstock deep enough to reach through the Mazama pumice into the soil 
beneath.   
In the arid eastern portion of the province, species that would normally require more 
moisture are able to grow as long as there is a 20 to 25 cm mantle of Mazama pumice soil over 
the pre-7,700 B.P. surface.  The Mazama soil appears to function as a mulch, holding in moisture 
and slowing evaporation (Oregon State University 2007).    
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In the southeastern section of the Mazama Biological Province near Crater Lake is a large 
surface area that still shows the direct effects of the Mazama eruption.  This area, termed the 
Pumice Desert, located just over 5 km north of Crater Lake, is a section of Mazama soil up to 40 
m thick that has yet to revegetate (Figure 6.5).  The Pumice Desert is a relatively flat, 14 km² 
area ranging between 1817 and 1831 m amsl.  It is populated with little vegetation (with 
coverage less than 5% of its surface), though surrounded by forests of lodgepole pine.  The plain 
is poorly vegetated in part because the soil is very porous and deficient in nutrients and organic 
matter, as well as because it is only slightly weathered, having ―a more youthful structure than 
those developed elsewhere from Mount Mazama pumice‖ (Horn 1968:148).  Vegetation is also 
poorly established because seedlings must survive in a harsh environment with high summer 
surface temperatures, severe temperature swings, and a short growing season (Horn 1968).  
Cambium damage by wind-driven sand and ice particles are also a factor (Horn 2002).  A long-
term study by Horn (2002) shows that while test plots within the Pumice Desert remain relatively 
unchanged, a 100-acre tree plot at the edge of the plain is slowly but steadily revegetating, 
helped by soil development and the nursery effect of existing plants.   
Revegetation Factors for Volcanically Impacted Landscapes 
Principles Learned from Mount St. Helens, 1980 
The documented ecological recovery of Mount St. Helens (summaries include Dale et al. 
2005b and del Moral and Bliss 1993) provides an excellent case study from which we can derive 
basic principles for, and ways of looking at, the revegetation of heavily impacted landscapes.  
Although of limited generalizability because they are based on only one example, these 
principles can serve as a heuristic to help us understand other instances of the ecological 
recovery of heavily impacted volcanic landscapes.    
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Ecological succession that takes place after large scale, severe ecological disturbances is 
directly tied to the geologic and geomorphic process involved.  The physical characteristics of 
the volcanic processes (elevated temperature, impact force, abrasion, depth of burial and erosion) 
in part determine the extent of mortality and the types and significance of biotic legacies in the 
post-eruption landscape (Swanson and Major 2005:27).  After the disturbance event, landscapes 
must reach a critical level of geomorphic stability before vegetation can establish sufficiently to 
flourish: as vegetation develops, erosion is retarded and soil development increases (Swanson 
and Major 2005:43).  Soil development is a critical factor in succession, especially in the case of 
primary succession, where soil is initially of poor quality (Dale et al. 2005a). 
Ecological recovery can take place on a variety of impacted surfaces, including lava 
flows, pyroclastic flows, tephra deposits, lahars, and landslides.  Some substrates are devoid of 
surviving plants or propagules (any part of a plant that can give rise to a new individual), and life 
must begin anew from outside colonizers.  This is termed primary succession.   Some substrates 
(lahars, landslides, or those underlying tephra deposits) may contain propagules of surviving 
plants that will initiate ecological recovery on these surfaces (secondary succession)(Dale et al. 
2005a).   
Species selection on barren landscapes depends upon the distance to seed sources.  Even 
short distances, combined with hostile substrates, can be major barriers to establishment for 
many species (del Moral and Bliss 1993:19, 58).  Un-impacted areas work as refugia to provide 
colonizing plant species.  While wind-dispersed species can reach farther into barren landscapes 
and are often the first colonizers, more stress-tolerant species with poor dispersal qualities may 
make better colonizers (del Moral et al. 2005:93).   
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Seemingly random variables play a large role in the initial colonization and early success 
of these plants.  Colonization requires the seed landing and sprouting in an optimal location, then 
surviving long enough to become well established.  Variable weather patterns in the years after 
the event may kill the seedling with drought or wash it away with high rainfall (del Moral and 
Bliss: 1993:3). 
Immigrants become established after substrate stabilization in favorable microsites (small 
areas in otherwise inhospitable habitat where conditions are amenable for establishment), usually 
in locations sheltered from the wind and with appropriate sediments and moisture.  Colonists 
produce seeds, starting nodes of local dispersal. As plant populations become established 
biological effects from these species modify the environment, sometimes excluding other plant 
species through competition, and sometimes paving the way for other species through improved 
substrate conditions (increased fertility and water-holding capacity) or decreased exposure.  
Species turnover may lead to a mature community that has little in common with either the 
original colonizers or the pre-disturbance vegetation of the site (del Moral et al. 2005:93-94, 
Figure 7-1).    
The Role of Wind in Revegetation 
 The mobility and abrasiveness of volcanic sediments are also important factors in the 
revegetation of pyroclastic flows and other volcanic landscapes.  Volcanic sediments are often 
less compacted than other sediments, so are moved more freely by wind and water.  Chronic 
erosion frequently eliminates establishing plants (del Moral and Bliss 1993:59).  Aeolian 
processes commonly strip the fine soil particles from the surface of volcanic deposits, leaving a 
lag pavement of larger material that does not hold enough water for plant growth (del Moral and 
Bliss 1993:11).  
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Biological soil crusts, also called ‗microbiotic‘ or ‗cyano-bacterial-lichen‘ soil crusts, are 
early colonizers of unvegetated landscapes throughout the world (Belnap and Gillette 1997).  
These crusts hold the soil together as it is vegetated by larger plants.  Work on unvegetated 
landscapes in cold desert environments in the American West have shown that while biological 
soil crusts are moderately wind resistant, wind above a certain velocity will strip away these 
crusts, especially if they have been disturbed.  Researchers call this wind speed the Threshold 
Friction Velocity (TFV), which they found to vary from 16 cm/sec (.3 miles/hr) on bare sand to 
573 cm/sec (12.8 miles/hr) on crusts that had been undisturbed for 20 years or more (Belnap and 
Gillette 1997, 1998).   
Being between two subarctic water bodies and often buffeted by severe storms out of the 
Aleutians, the Alaska Peninsula and its volcanic landscapes are frequently subjected to winds 
many times the maximum TFV required to strip away an established biological soil crust.  Most 
researchers in the region have commented on the wind‘s erosive effects (Cahalane 1959: 12; 
Griggs 1918; 1919b; 1922:55).  In discussing the Katmai region, Cahalane (1959:12) notes  
―...strong winds sweep away the soil and smaller stones, and beat the larger 
particles into a firm, consolidated mass.  The vegetation is molded and controlled 
by the blasts, and woody shrubs such as willow and alder are restricted to ravines 
and other depressions or are forced to assume a prone position.  Exposed ridges 
are stripped of snow during the winter and the moisture available to plants on 
such sites is correspondingly reduced.‖ 
The windblown plumes of loose volcanic sediments in the Katmai region are sometimes 
so voluminous they are even mistaken for volcanic eruptions.  Volcanic ash is periodically 
reported falling on the southwest end of Kodiak Island and Shelikof Straits in the fall of the year.  
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Aerial inspections fail to find any erupting volcano, instead tracking the plume back to ash and 
pumice being blown off the unvegetated pyroclastic flow in the Valley of Ten Thousand Smokes 
by strong north winds (Miller et al 1998) (Figure 6.6). 
 Volcanic ash is composed of angular fragments of glass far sharper than ordinary sand, 
cutting plant tissues exposed to it (Griggs 1918).  The abrasive nature of volcanic sediments is 
evident in Katmai on a research hut built in the 1960s near the head of the Valley of Ten 
Thousand Smokes.  The wind-blown ash is wearing away the wood trim on the hut, leaving inset 
scallops in the boards behind the ash resistant nails (Figure 6.7). 
The Effects of Tephra Depth in Revegetation 
Many factors must be taken into account when attempting to determine the effects of 
tephra fall on vegetation.  The ability of a particular plant to deal with a particular tephra fall 
depends in part upon the thickness, mineral composition (% silica, sulfur, etc.) and consistency 
of the tephra.  Growth through a tephra layer also depends upon the species of plant, the season 
the tephra fell, the geomorphic environment, and climate (rainfall, length of growing season, 
etc.).  These factors need to be scrutinized when comparing revegetation from different 
eruptions, with higher latitude or altitude examples closer analogs to the Alaska Peninsula 
eruptions. 
 Two studies have attempted to synthesize the effects of tephra depth on plants into tables.  
One study is by the researchers who studied the revegetation of Ksudach Volcano (Grishin et al. 
1996: 146, Table 7).  These researchers divided the effects into seven categories (tephra depths 
of 1-5 cm, 5-10 cm, 10-20 cm, 20-30 cm, 30-70 cm, 70-100 cm, and over 100 cm – see Figure 
6.8), generally corresponding with the stages they saw in the revegetation after the 1907 Ksudach 
eruption.  A recent study by United States Geological Survey personnel also gives a table on the 
148 
effects of volcanic products on vegetation (United States Geological Survey 2006a:5).  This 
study utilizes information from volcanic eruptions worldwide, with a focus on effects from 
eruptions in New Zealand and Mount St. Helens.  The United States Geological Survey chart is 
divided into four categories (<5 mm, 5-25 mm, 25-150 mm, and >150 mm – see Figure 6.9).  
Unfortunately, even after conversion to the same unit of measurement, these two scales are 
totally dissimilar, sharing no common boundaries. Following is a synthesis of tephra effects 
constructed largely from Antos and Zoebel 2005, and Grishin et al. 1996, with input noted when 
from other authors.   
 Moss and lichen are killed with burial of between 5 and 10 cm of tephra (Joseph Antos, 
personal communication 2007).  With 10 cm of tephra the moss/lichen layer is eliminated, 
requiring colonization from refugia or from outside the 10 cm isopach of tephra fall.  Some 
grasses, herbs and dwarf shrub are killed and others damaged.  A tephra fall of 10 to 15 cm will 
kill 20% of a deciduous (birch) forest, particularly seedlings and saplings.  A large proportion of 
plant cover is eliminated for at least one season.  Various grasses, forbs and low shrubs grow up 
through the tephra to the surface or down through the tephra to the buried soil, but this may take 
a number of years.  Coverage by 15 cm of tephra buries all non-woody plants.  Those plants that 
do not protrude through the soil or cannot push up through it must survive until uncovered by 
erosion, or must recolonize from outside the impacted area.  The former soil buried by the tephra 
is isolated from the surface soil: where tephra remains undisturbed the surface soil clock is reset 
to zero.  Many herb and shrub species are killed with 30 cm of tephra fall, and a significant 
impact is seen in deciduous tree species.  Tephra deposits >50 cm are unfarmable because of the 
rapid drainage and inability of plant roots (in this study maize, beans and squash) to reach buried 
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soils (Stantley et al. 2000).  Between 30 and 70 cm of tephra fall kills all vegetation except some 
isolated trees.  Deposition of 100 cm or more of tephra kills all vegetation.   
 Steep hillsides can revegetate relatively rapidly when covered by small or moderate 
amounts of tephra, because they often rapidly shed much of their tephra layer through erosion.  
Hillsides covered by thick tephra layers (1.5-2 m) tend to stay unvegetated for much longer 
periods because they are too unstable to form soils and anchor plants.  This vegetational delay 
may be particularly true in arid regions, where vegetation and soil formation are limited by 
moisture.  River valleys in southern Peru near the Huaynaputina Volcano are well vegetated, but 
hillsides covered by several meters of coarse tephra from the A.D. 1600 eruption continue to 
remain unvegetated (de Silva and Alzueta 2000:24, Figure 6). 
Tephra as Mulch 
 The technique of mulching, using a substance to cover the ground surface to inhibit 
undesirable plant growth and retain moisture, is a farming technique that goes back into 
antiquity.  Mulching can be done with either organic or inorganic materials.  Farmers in several 
times and places in the past have found that volcanic tephra can make a very useful mulch.  One 
group to make this discovery was the Sinagua people of ancient Arizona.   
The Sinagua culture appears in northern Arizona in the area around Sunset Crater after 
the ~1064 B.P. eruption of the crater (Pilles 1979).  The crater‘s eruption spread tephra across 
approximately 2,072 km² of the region.  Archaeologists in the 1930‘s noted the correspondence 
between the tephra fall and the Sinagua occupation.  They also noted that one Hopi method of 
agriculture utilized a mulch of loose sand to cover the ground between corn plants to absorb 
rainfall and prevent evaporation in the underlying soil (Colton 1965).  This spurred one 
archaeologist to hypothesize that the Sinagua people used the tephra as mulch to improve their 
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growing of corn (Colton 1932:589; Colton 1949).  Experimentation conducted on this topic was 
less than conclusive (Colton 1965; Maule 1963), but appeared to support the tephra-as-mulch 
hypothesis.  An examination of the topic in the 1970s downplayed the role of mulch in the 
Sinagua farming, attributing the florescence of Sinagua farmers to a climate changing to more 
moist conditions (Pilles 1979).   
Recent experimentation in northern Arizona with growing corn at different tephra depths 
and moisture regimens, and at different altitudinal zones, has produced data strongly supporting 
the tephra mulch hypothesis.  A tephra cover of 3 to 10 cm was found to be highly beneficial to 
plant growth, while tephra coverage above 15 cm was detrimental to plant growth, and no 
growth was possible in tephra coverage over 20 to 25 cm.  The tephra cover was found to be a 
crucial factor in allowing dry farming below 7,000 feet, which opened up a new region for 
cultivation after the eruption (K. Anderson 2003; Elson et al. 2002, 2003). 
People in other parts of the world have also utilized tephra as a mulch in agriculturally 
challenged areas.  Agriculture in the Canary Islands was always difficult because of the low 
rainfall, with virtually none falling in the summer months.   After the volcanic eruption on the 
island of Lanzarote, that over the course of six years (1730-1736) covered much of western 
Lanzarote with a thick layer of basaltic tephra, it appeared even more difficult.  Yet the returning 
farmers found that the basaltic tephra offered several possibilities for increased agricultural 
production.  One technique involved plowing the areas with thin tephra into the soil, increasing 
its nutrient and water retention ability.  In places of deeper tephra farmers dug pits through the 
tephra to the former soil to plant grapes and other crops.  Plants in these one to two meter deep 
pits are fertilized with manure and then covered with a layer of tephra.  This technique, known 
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on Lanzarote as ―natural arenado‖, retains soil moisture and protects the plants from the 
desiccating east winds off the Sahara (Tejedor et al. 2004:360; Scarth 1999: 102-103).      
 The concept that a relatively thick tephra fall could have a positive effect on some species 
was illustrated on Kodiak Island after the Katmai eruption.  The deposition of up to 30 cm of 
tephra on eastern Kodiak Island and 50 cm on the coast of the Alaska Peninsula buried 
herbaceous plants and heavily impacted shrub alder but had little negative impact on Sitka spruce 
trees.  For several years after the eruption spruce were growing with little understory 
competition.  In the five years after the eruption the mulching effect of the ash allowed tree 
growth many times the norm (Griggs 1922:48, 53).     
Mount St. Helens tephra was also found to have a positive effect on existing conifer 
vegetation.  This was not because the tephra added a high amount of nutrients as a fertilizer.  The 
St. Helens tephra was found to be very low in nitrogen, and medium to low in fertility for plant 
growth, contributing no significant nutrients (Cook et al. 1981; Wagner and Walker 1986).   Like 
the examples above, the Mount St. Helens tephra worked as a mulch to hold moisture in the 
lower tephra layers and the buried pre-eruption soil below through the driest parts of the year, as 
well as reducing competition from forest understory plants (Frenzen 2000).  Like the 
revegetation efforts on Mazama soils (Oregon State University 2007), conifer seedlings planted 
to reforest the tephra-covered foothills of Mount St. Helens did best when planted deep enough 
to take advantage of the moisture and nutrients below the tephra in the pre-eruption soil 
(Sloniker 1986). 
  After the Mount St. Helens eruption, conifer seedlings flourished on tephra in forest 
understories.  Interestingly enough, where before the eruption the seedlings had been mainly 
Pacific silver fir, the new seedlings contained a large component (25%-66%) of hemlock (Antos 
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and Zobel 2005).   The Katmai ash fall also facilitated the spread of spruce down Kodiak Island.  
The spruce found the surface of the tephra a relatively competition-free environment for seedling 
establishment (Tae 1997: 47; Nelson and Jordan 1988).  This same phenomenon may possibly be 
the case in the past where a rise in conifer pollen (recovered from lake or bog cores) corresponds 
with a tephra fall.  Charmen et al. (1995) note that pine pollen is seen to spike upward after the 
deposition of an Icelandic tephra in northern Scotland.  A similar result is found in pollen cores 
taken from lakes in southcentral and western Alaska after a significant tephra fall.  Spruce pollen 
substantially increases in lake cores in the Tangle Lakes region after the deposition of the 3,500 
B.P. Hayes tephra (Ager and Sims 1981).  The same is true in the Ahklun Mountains (Axford 
and Kaufman 2004) and the Norton Sound region (Ager 1983) after the Aniakchak tephra fall 
over western Alaska.  
Summary 
 It is difficult to make appropriate comparisons when considering ecological recovery 
between volcanic eruptions because of the large number of geologic and ecological variables that 
need to be considered.  Some of these variables for consideration include the size of the eruption 
(cubic kilometers of ejecta, area of pyroclastic flow and tephra isopach), the physical and 
chemical properties of the eruptive products, the time of year, latitude, elevation, climate 
(average temperature, growing season high and low temperatures, days above freezing, 
precipitation, precipitation during growing season, average and maximum wind, weather 
patterns, distance from ocean), amount of snow and ice cover, behavior of the organism, type of 
vegetation, and even time of day of the eruption.  One ecological researcher has gone so far as to 
state ―Because so many factors are involved, generalizations about eruptive effects are unwise, 
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and extrapolation from one environment or one eruption to others are likely to be unreliable 
(Thornton 2000: 1058). 
To a certain extent I agree with Thornton.  No two eruptions will have the same 
ecological effect, even if they are eruptions of similar type and size in similar environments.  
But, on the other hand, if we attempt to understand the ecological effects of each variable, and 
how the effects of these variables combine together, I believe they allow us to create general 
models of the ecological effects different types and sizes of eruptions would have in different 
environments.  Information supplied in this chapter has been an attempt to allow general 
comparisons between four major volcanic eruptions, and hopefully allow the modeling of 
ecological effects of other past eruptions as well.   
 All four of the eruptions examined here were explosive eruptions from subduction zone 
volcanoes.  All four were either temperate (Mazama, Mount St. Helens) or Subarctic (Katmai, 
Ksudach) eruptions.  All four had areas impacted by pyroclastic flows or deep (>1 m) tephra.  
Ksudach and Katmai are high latitude eruptions, but much of Mount St. Helens is high enough in 
elevation to have somewhat similar latitudinal effects.  Mount Mazama is somewhat of an 
outlier.  It is located at lower latitude than the other volcanoes, and has a dryer, more continental 
environment.  In this case the revegetation of the last unvegetated area of the Mount Mazama 
eruption (the Pumice Desert) appears to have been delayed by the dry, high-altitude 
environment, coupled with hot summers and long cold winters.  The more extreme the 
environmental conditions (short growing season, large summer diurnal temperature swings, low 
summer moisture), the slower the revegetation process will be.  The dryer and colder the 
environment and the shorter the growing season, the slower the soil weathering process will be 
and the more difficult it will be for plants to recolonize.     
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 Size does matter.  When modeling the ecological effects of eruptions the first 
measurement of interest regarding the eruption is the cubic kilometers (km³) of erupted material.  
This immediately gives a general idea of the area impacted by the eruption.  Knowing the size of 
the eruption along with what percent was pyroclastic flow and how much was tephra fall allows 
us to better understand and model its eruptive effects (re. Torrence 2002).  In respect to size the 
Mount St. Helens (1.4 km³ of ejecta, 1.1 km³ tephra and 0.3 km³ pyroclastic flow covering 15 
km²) and Ksudach (>1.5 – 2.0 km³ of tephra) eruptions are roughly similar.  The Katmai eruption 
is over an order of magnitude larger (31 km³ of ejecta, 20 km³ of tephra and 11 km³ of 
pyroclastic flow covering 120 km²).  The Mazama eruption is approximately 5 times larger yet, 
at probably >150 km³, with pyroclastic flow and tephra >20 cm thick covering >20, 600 km². 
The 1980 eruption of Mount St. Helens provided an exceptional opportunity to study the 
recovery of a volcanically impacted landscape, and much of the literature on the topic comes 
from those studies.  Vegetation recovery on some volcanically impacted landscapes was found to 
be more rapid than expected.  Landslides and lahars may destroy existing vegetation in large 
areas, but propagules and exposures of weathered soil remain, allowing faster revegetation.  
Tephra effects vary depending upon depth, consistency of tephra, and amount of sulfur or other 
minerals, as well as the species of the plants impacted.  Large stiff plants (trees and shrubs) hold 
up better to tephra burial than smaller ones (grasses and forbs), which do better than plants like 
mosses and lichen that lack the structure to resist ash falls.  Surviving moderate to heavy tephra 
fall appears to combine chance (erosion of tephra off the plant, etc.) with a plant‘s ability to 
rapidly grow roots through the tephra, as found with willow and horsetail.  There appear to be 
more negative effects of tephra deposition on broadleaf trees, such as the stone birch at Ksudach, 
than evergreen species (Kodiak, Katmai, Mount St. Helens, and Mazama).  Conifers tolerate 
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volcanic soils better than most other plant types.  Virtually only conifers (mainly pine) grow on 
Mazama ash soils, and climax vegetation on Mount St. Helens is also pine (though one pine 
species colonizes and another is climax).  Evergreen are lowland and foothill climax species in 
the Katmai region.  Explosive volcanic eruptions deposit high silica tephra, forming acidic soils 
that favor conifer species, which favor acidic soils.  Evergreen species appear to colonize tephra 
exposures easier than most other plants, as seen in the movement of spruce down Kodiak after 
the Katmai eruption. 
 Pyroclastic flow effects are indisputable.  Flow temperatures are hot enough that when 
pyroclastic sediments cover vegetation and soil they kill everything from large trees to microbes.  
Revegetation requires propagules from outside the pyroclastic flow.  In most cases revegetation 
will not take place until soil weathering has provided a more amenable substrate.  While distance 
to seed sources is important in revegetation, chance still plays a large role in which plants will 
colonize pyroclastic sediments.  Species turnover is common, as was seen on the Valley of Ten 
Thousand Smokes between the 1954-1955 Cahalane and 1992 Rice surveys.  Colonizing plants, 
and even eventual stable plant communities, are commonly not the plants that were dominant 
before the eruption.  Some ―progression species‖, like liverwort communities on Ksudach 
Volcano, can form barriers to later succession.   
Pyroclastic flows revegetate slowly, taking hundreds or even thousands of years, 
particularly in dry, cold environments.  The Mazama Pumice Desert near Crater Lake is a good 
example.  It is currently populated by a few vascular plants and ringed by ponderosa pine, the 
climax forest on the Mazama soil in that region.  The work of Horn (2002) shows that the 
Mazama Pumice Desert is slowly being colonized from the edges by ponderosa pine.  Her work 
shows that the lack of vegetation across the Pumice Desert is due to very slow soil development, 
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along with very stressful conditions for seedlings.  This work suggests that the existing Pumice 
Desert may be the remnant of a much larger unvegetated pumice plain that has been slowly 
revegetating for over 7000 years.   
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CHAPTER 7) THE EFFECTS OF DISTAL VOLCANIC PRODUCTS ON SELECTED 
NORTHERN PLANTS AND ANIMALS 
 This chapter examines of the effects of distal volcanic products (tephra and associated 
mineral precipitates, i.e., sulfur, fluorine, etc) on specific plant and animal species that were 
mainstays to human hunters and gatherers occupying Alaska during the fourth millennium B.P.  
These species include 1) caribou and the plants they rely on, 2) anadromous fish, particularly 
salmon, and 3) marine and inter-tidal species.  These topics are grouped as they are because this 
is gives us a convenient way of thinking about the resources utilized by the cultural groups in the 
region during the mid-fourth millennium B.P.  The Arctic Small Tool population, found 
throughout much of Alaska, was a terrestrially oriented group that existed largely by hunting 
caribou and, in the south,  harvesting salmon, with seasonal hunting of marine mammals by some 
groups.  The coastal dwelling populations of southern Alaska, largely descendants of the earlier 
Ocean Bay tradition, focused mainly on the marine resources that stretched from shore to deep 
water, with the addition of salmon and to a lesser extent terrestrial mammals.  Information on the 
effects of distal volcanic products on these resources will help us understand the distal ecological 
and cultural effects of fourth millennium B.P. Alaska Peninsula volcanism. 
The Effects of Distal Volcanic Products on Caribou and Associated Grazing Species 
 Caribou are the predominant ungulate of the Arctic and Subarctic.  Caribou and reindeer 
are the same species (Rangifer tarandus), and are the North American and Eurasian names for 
the same animal.  In Europe and Asia, both wild and domesticated Rangifer are called reindeer.  
In North America the domesticated form are termed reindeer, because they were brought over 
from Siberia in the late 1800‘s, and are of Eurasian origin.  The wild, native North American 
species are called caribou, a Native American (Micmac) term meaning ―pawer‖ or scratcher‖ for 
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their trait of spending the winter pawing through the snow to uncover lichen or other species to 
eat.  
Caribou are found in most Arctic environments, and are able to forage upon a wide 
variety of plant species.  Caribou are capable of forming vast herds, and have been a critical prey 
species for hunter-gatherer populations throughout the occupation of the Arctic.  Caribou 
population numbers and herd health, particularly in interior Alaska, are based primarily on 
population density (and the resultant availability of food), weather (in particular the depth of 
winter snow and the timing of spring thaw), and predation (Valkenburg 2002).   
Large volcanic eruptions can have profound effects on animal health as well as the food 
availability in a region.  The following sections will discuss the effects of distal volcanic 
products on ungulates, particularly caribou, and on the forage species favored by caribou.   
Domestic Ungulates and Distal Volcanic Products 
There are numerous historical and recent accounts, coming mainly from Iceland, Mexico, 
New Zealand, and northern South America, of tephra and associated gasses and acid rain 
impacting domesticated ungulates.  These accounts show that particular distal volcanic products 
affect different ungulates to varying extents.  Sheep and deer are ―bottom‖ or ―hard‖ grazers, 
grazing on plants at the ground surface (Gregory and Neall 1996: 127).  This makes them ingest 
more ash than horses and cattle, which don‘t graze as close to the ground.  This also makes sheep 
and deer more prone to teeth attrition from chewing tephra.   
Ungulates and other mammals are affected by distal volcanic products in a variety of 
ways.  They can suffer from inhaling either tephra or volcanic gasses.  They ingest volcanic ash 
or other mineral precipitates.  They suffer tooth wear from chewing tephra with food, or eye 
irritation from ash in the air.  They can be burned by acid rain.  They can even find their sense of 
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smell disrupted, making them unable to identify their own young.  The hazard potential of 
volcanic ash for animals depends upon the nature, frequency and direction of the ash fall, and the 
duration, frequency and intensity of exposure (Bernstein et al. 1982). 
The sections below look at the effects of volcanic ash inhalation, ingestion, and mineral 
poisoning on ungulates.  These categories are used here because it provides a focus on specific 
effects of eruptive products on ungulates, and also because these divisions are how volcanic 
effects on ungulates are generally reported in the literature.  In reality it is usually a combination 
of these factors working together that cause animal decline and mortality. 
Ungulates and Ash Inhalation 
 One of the main causes of ungulate death from volcanic products is ash inhalation.  
Volcanic ash generally contains a high proportion of silica, which with extended exposure can 
cause pneumoconiosis (respiratory disease), including silicosis (Gregory and Neall 1996).  This 
effect was evident in the ungulate mortality from the Paricutin eruption in Mexico in the 1940s, 
where ash fall caused high mortality among livestock.  Losses attributed to ash inhalation 
included 4500 cattle, 500 horses, and an undetermined number of sheep and goats.  Animals that 
were exposed to heavy tephra fall and then removed from the zone commonly died months later.  
Postmortem examination revealed that the lungs of animals that breathed in volcanic ash were 
congested with an ash-mucus coating that interfered with respiration (Rees 1979).   
The Paricutin evidence is supported by testing done on other species.  Loggers cutting 
timber in the blow-down area the month after the 1980 Mount St. Helens eruption were found to 
experience chest tightness and pain, persistent cough and phlegm, as well as headaches and eye 
irritation at two to three times the rate of non-exposed workers (Bernstein et al. 1992).  Humans 
that have experienced heavy exposures to volcanic ash have been found to develop lung lesions 
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(Green et al. 1981).  Rats dosed with Mount St. Helens ash were found to develop an 
inflammatory response in the lungs a day after exposure.  By 1 to 3 months the rats were 
experiencing cell death and tumor growth in their lungs (Green et al. 1981).    
Ungulates and Ash Ingestion 
 Many tephra-related deaths in ungulates are from ingestion of tephra while grazing.  
Ingestion of the sharp-sided silica particles causes irritation to the gastrointestinal tract (Gregory 
and Neall 1996).  Ash ingestion was implicated in sheep mortality after the 1991 Mount Hudson 
eruption in Chile.  Dense rock equivalent volume for the eruption ranges between 2 and 6 km³ 
(~6 to18 km³ of pyroclastic material).  The eruption deposited up to 20 cm of tephra over 80,000 
km², impacting millions of sheep.  500,000 to 600,000 sheep died following the eruption.  
Pregnant ewes were particularly hard hit, accounting for four-fifths of the mortality in some 
areas.  Much of the mortality was attributed to starvation because of burial of grass by tephra.  
Postmortem examination revealed gastrointestinal problems from ash ingestion because of 
concretions forming in the stomach.  Ash accumulation of several kilograms in the fleece was 
believed to have contributed to exhaustion and starvation.  Tooth wear by volcanic ash was also 
noted (Durant et al. 2003; Inbar et al. 1995; Nash 1994).  The teeth of many animals that died 
after the Paricutin eruption in Mexico also showed excessive wear from grazing on ash-coated 
forage (Rees 1979), suggesting ash ingestion was a problem there as well.  
Ungulates and Eye Irritation 
 Volcanic ash is abrasive, and the presence of volcanic ash in the air can cause several 
debilitating eye conditions in ungulates and other mammals.  Ash particles in the eye can cause 
scratches or abrasions on the cornea, as well as conjuctivitus, the inflammation of the 
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conjunctival sac that surrounds the eyeball. This causes painful, burning eyes, sticky discharge 
and photosensitivity (United States Geological Survey 2006b).  
Ungulates and Toxic Mineral Effects 
 Ungulates and other animals are negatively affected by a variety of toxic volcanic 
products given off as gasses in volcanic eruptions.  Primary among these aerosols are the toxic 
effects from sulfur dioxide, fluorine, chlorine, and carbon dioxide.  In basaltic eruptions these 
aerosols do not reach beyond the troposphere, but fall back to earth and drift across the 
landscape, where they are inhaled by animals.  Large silicic eruptions can eject these products 
into the stratosphere.  In these eruptions the sulfur and fluorine are scrubbed from the eruptive 
cloud by tephra and deposited with the tephra on the landscape.  Animals ingest the toxic 
products either with the ash while eating, in water they drink, or absorbed in the plants they eat.  
Human industrial exposure has shown the toxic effects of these products.  Carbon dioxide causes 
death by asphyxiation.  Chlorine causes eye injuries (conjunctivitis) and lung edema.  Fluorine 
causes conjunctivitis, lung inflammation, bone degeneration and skin irritation.  Sulfur dioxide 
causes conjunctivitis as well as lung edema and paralysis.  Sulfuric acid burns skin and damages 
lungs (Wilcox 1959: 443).  
 The die-off of domestic animals during the massive (~12.5 km³ of mainly lava) Laki 
Fissure eruption in 1783 was attributable to the volcanic gasses given off by the eruption.  The 
eruption, which was the largest lava flow on earth in historic times, produced very large volumes 
of sulfur and fluorine.  Within two years Icelanders lost 50% of the islands cattle (~10,000), 76% 
of the horses (>27,000) and 79% of the sheep (>186,000), with most deaths attributed to acute 
fluorosis.  Animals killed by these products were sometimes toxic themselves, and many people 
died from eating them.  The eruption caused a famine and >20% reduction in the human 
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population in the five years after the eruption (Thorarinsson 1979).  Another Icelandic eruption 
with considerable animal mortality took place in 1970 with the Hekla eruption.  Tephra covering 
pastures was high in fluorine, resulting in 7500 animal deaths (Óskarsson 1980).  
 The 1995 explosive eruptions of Ruapehu volcano in New Zealand were relatively small 
(<0.04 km³ in total) but had a significant effect on livestock because of the high sulfur and 
fluorine content of the andesitic tephra.  The total sulfur content in the tephra was between 5 and 
36 times higher than the much larger May 18 1980 Mount St. Helens tephra, with concentrations 
of other water-soluble elements 20-40 times higher than the St. Helens eruption (Cronin et al. 
1998).  High sheep mortality (2000 animals) was recorded in the region where tephra fall was 
between ~2.5 and 4 cm deep.  While both sulfur and fluorine were believed to be in high 
concentrations in the tephra, fluorine poisoning was believed to be responsible for the majority 
of animal mortality (Cronin et al. 2003).  
 Even moderate to mild exposures to toxic elements can affect animal health.  The 
ingestion of toxic minerals could cause the loss of necessary intestinal bacteria, resulting in 
starvation even if edible food was available.  Ewes exposed to sulfur dioxide gas after the 
Ruapehu eruption were rendered hyposmic (with a reduced ability to smell), and were less able 
to identify their own lambs (Gregory and Neall 1996).   
Some research suggests that sulfur and other elements in the tephra are rapidly released 
on contact with water, while other studies state that these elements are released more slowly into 
the environment.  Frucher et al. (1980) estimated that >30% of the sulfur and chlorine in the 
Mount St. Helens tephra was released within one hour when in contact with water.  Other studies 
have found that sulfur was present after ash falls in the ecosystem for much longer periods.  The 
July 9, 1953 Mount Spurr eruption deposited between 2.5 and 5 mm of tephra over Anchorage 
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and the surrounding region.  Water monitoring in Ship Creek near Anchorage showed nearly 
equal pulses of sulfate after rains for a month and a half following the eruption (Wilcox 1959: 
446).  High sulfur levels (>30 μg g) were still present in deposits of tephra > 0.5 mm thick eight 
months after the 1995 Ruapehu eruption (Cronin et al. 1998).  High levels of sulphuric acid and 
ferrous sulphate were found in Katmai ash deposits four and five years after the Katmai eruption 
(Shipley 1919).  
 Sulfuric acid rain can have a significant effect on ungulates and other quadrupeds, 
because a relatively large percentage of their body is exposed to the sky.  Acid burns on the back 
of animals sap vitality and render them at risk for infection (Gregory and Neall 1996).   
Ruminants and Polioencephalomalacia 
Polioencephalomalacia (PEM) is a condition in ruminants where rumen function is 
disrupted.  The term polioencephalomalacia literally means softening (malacia) of the gray 
matter (polio) of the brain (encephalo).  Animal mortality with PEM is accompanied by swelling 
and hemorrhage in the brain stem.  This condition can be brought on by several external 
conditions, one of them being high sulfur intake (Gould 1998; Haydock 2003).     
 Ruminants require sulfur in their diet.  For mature beef cattle the recommended level of 
dietary sulfur is 1500 ppm in food.  The maximum sulfur tolerated by cattle is 0.4% (Gould 
1998), or 4000 ppm (Haydock 2003), with PEM becoming a danger above this point.  Non-
nursing calves have a lower ppm PEM threshold than mature cattle because of lower body 
weight (Hamlen et al. 1993).  Sulfur can cause PEM in sheep when consumed at 0.6% of the diet 
(Gregory and Neall 1996).  Sulfur ingestion can come from commercial feed, high sulfur content 
in grazing plants, drinking water, or ingestion with food when present in volcanic ash (Gould 
1998; Gregory and Neall 1996).   
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 Symptoms of PEM include blindness, ataxia (lack of coordination), characterized 
together as ―the blind staggers‖ (Gould 1998:310), grinding of the teeth, depression, lethargy, 
dysphagia (difficulty eating or swallowing), inability to stand, and decreased ability to avoid 
flystrike (Hamlen et al. 1993; Haydock 2003; Lima et al. 2005).  High levels of sulfur ingestion 
lead to convulsions and death within 48 hours (Haydock 2003).  Experiments with sheep fed 
moderately high levels of sulfur produced PEM 3 to 6 weeks after beginning the experiment 
(Gould 1998), showing that amounts not immediately toxic can over time also bring on PEM.  
Ruminant species known to be affected by PEM include cattle, sheep, and goats, as well as deer, 
moose, and pronghorn (Canadian Cooperative Wildlife Health Center 2001/2002). 
A condition related to PEM in ruminants is the ability of large amounts of sulfur to 
induce copper deficiencies.  Rumen bacteria reduce sulfur to sulfide, which bonds with copper, 
rendering the copper unavailable to the animal (Gregory and Neall 1996). Symptoms of copper 
deficiency include decrease in hair quality and pigmentation (Hamlen et al. 1993).    
 No references are available in the literature where caribou or reindeer were diagnosed 
with PEM, but this is not surprising, as dietary studies of caribou and reindeer are a rather small 
data set.  Since other ruminants, including white-tailed deer, have been diagnosed with PEM, I 
think it likely that caribou and reindeer would also be sensitive to high sulfur loading in the diet.  
Caribou are smaller than beef cattle, so, like sheep and beef calves, they may have a lower 
tolerance than adult cattle to the amount of sulfur in the diet.  High levels of sulfur ingestion can 
rapidly cause death in ruminants, but even lower levels could decrease the survivability of wild 
species like caribou.  Inability to avoid predators, be they bot flies or wolves, would have a 
significant impact on caribou populations. 
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Effects of Distal Volcanic Products on Caribou 
Virtually no scientific studies exist of the effects of tephra on caribou or reindeer.  
Fortunately, a variety of ethnographic accounts describe the negative effects distal volcanic 
products have on this species.  The astute observer Ivan Veniaminof, who spent 1824 to 1834 as 
a priest on Unalaska, noted situations where ash from volcanic eruptions had a significant impact 
on caribou and other species.  A volcanic eruption on Unimak Island in 1825 caused a rapid 
decline in the Alaska Peninsula caribou population and caused them to withdraw up the 
peninsula, followed by the wolves and bears.  He also noted that caribou were extirpated from 
Deer Island, off the eastern end of the Alaska Peninsula, because of volcanic products and also 
winter predation by wolves, crossing the ice from the mainland (Veniaminof 1984; Workman 
1979). 
An interview in 1998 with two native elders at Levelock (on the Kvichak River, west of 
Katmai National Park and Preserve in southwestern Alaska) contributed traditional knowledge 
on the effects of volcanism on animal populations.  The interview with John and Mary 
Tallekpalek, in their late 70‘s and early 80‘s, respectively, produced stories about the effects of a 
volcanic eruption that was thought to have happened over 200 years ago.  After this eruption, 
they said, there were no more animals in the area.  Those animals that could left the area for the 
interior, apparently moving away from the tephra-impacted region along the coast.  They also 
noted that the only good water after the ash fall was from springs.  With nothing to eat most 
people starved to death (University of Alaska Fairbanks 1998).    
The 1912 Katmai eruption is reported to have had a negative effect on the caribou herds 
on the Bering Sea side of the Alaska Peninsula.  Griggs (1919a: 181) implies that sulfur in the 
ash caused ―the destruction of the reindeer ‗moss‘‖, and a rapid decline in caribou herds.  
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Reindeer in the Nushagak region were reported to have reacted to the tephra fall from the 
May 20, 1931 eruption of Aniakchak Volcano by immediately moving out of the region, leaving 
the fauns to perish (Trowbridge 1976).  Hubbard reports that because of the tephra from this 
eruption ―Reindeer and caribou ground their soft teeth down to the gums from the grit in their 
food and died‖ (1938:57). 
 The 1975 eruption of the Tolbachik Volcano impacted a sizeable area of Kamchatka and 
had a dramatic effect on the reindeer of the region.  The main ash fall was ejected between July 9 
and 27, sending a plume of fine ash 800-1000 km to the east.  Substantial ash near the volcano 
covered an area of approximately 65 km².  The distal ash area was not calculated (Fedotov et al. 
1980).  A significant area of reindeer pastures was made unusable by the ash.  Herders had to get 
permission from the Regional Government to move their herds to un-impacted areas (Leonid 
Baskin, personal communication 10/25/2007).  Out of one group of 2800 reindeer, 2000 perished 
because of ash-impacted pasture (RAIPON and UNEP 2006: Interview 53, Story 314).  Reindeer 
deaths were attributed to the consumption of the coarse ash while grazing (RAIPON and UNEP 
2006: Interview 46, Story 255).  After the eruption people also reported finding dead hares, foxes 
and sable (RAIPON and UNEP 2006: Interview 64, Story 370).  Bear, fox, sable and hare were 
all observed trying to leave the region impacted by the ash fall ((RAIPON and UNEP 2006: 
Interview 53, Story 314; Interview 67, Story 390). 
 Similar reindeer mortality was reported to have taken place in the spring of 1953, when 
volcanic ash fell on the snow-covered landscape of the Rekinik area of Kamchatka.  While 
digging for lichen the reindeer ate volcanic ash, causing their mouths to fester. Many of them 
sickened and died (RAIPON and UNEP 2006: Interview 43, Story 242).   
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 A recent account exists of tephra impacts on caribou in Alaska.  The September 1992 
eruption of Mt. Spurr deposited a layer of ash over the Copper River Basin, home of the 
Nelchina Caribou herd.  Ash deposition was measured at ≤2 mm over most of the basin (Neal et 
al. 1995), though locals in the Glennallen area reported deposition up to 10 times this amount 
(Robert Tobey, personal communication 2003).  Caribou in the basin were observed by the 
regional Alaska Department of Fish and Game caribou biologist to have taken the unusual course 
of heading south into country with deeper snow to escape the ash fall (Robert Tobey, personal 
communication 2003).    
Caribou Yearly Diet 
Caribou eat a wide variety of plants throughout the year, but have particular species that 
they concentrate on during various seasons.  Skoog (1968: 136-199) has divided the caribou year 
up into three 2-month seasons (Spring, Summer, and Fall) and one 6-month season (Winter), 
with varying forage species for each one.   
In the spring (mid-April to mid-June) caribou focus on new growth, mainly grasses and 
sedges, along with leaves and buds of willow and dwarf birch. Lichens are eaten only 
incidentally, except during late thaws when winter conditions inhibit the spring plant growth.  
Spring forage is very important for caribou because they have been living on reduced 
metabolism through the winter, and need to have forage that matches their summer metabolism 
(fueling antler growth, resumed body growth, late pregnancy, etc.) (Skoog 1968: 142, 182, 195, 
198).  Problems arise with late springs when animals have to continue to subsist on winter 
forage. 
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  During the summer (mid-June to mid-August) a variety of nutritious plant food becomes 
available.  Foraging focuses on the leaves, buds and stem-tips of willow and dwarf birch, along 
with grasses, sedges and forbs.   
 Grazing during the fall (mid-August to mid-October) sees a gradual shift to winter 
foraging plants with the loss of succulent vegetation.  Lichens assume increasing importance, 
though sedges are sought out along the edges of lakes and bogs.   
 Winter forage is critically important for caribou because it is their longest season of the 
year (mid-October to mid-April).   It is also a time of considerable physiological stress and 
predation.  Lichens, grasses, sedges and browse are utilized, with varying percentages depending 
upon the region and time of winter.  Lichens gradually increase in importance through the 
winter.  Browse and grasses drop out, with caribou relying upon varying percentages of lichen 
and sedges depending upon the region.  Caribou on the lower Alaska Peninsula and on Alaska‘s 
arctic slope and coastal plain subsist primarily on a sedge winter diet, while the Nelchina herd in 
south-central Alaska utilizes a mixed winter diet of sedges and lichen.  Caribou and reindeer in 
most of the rest of Alaska, the Yukon, and Siberia subsist primarily on lichen (Russell and 
Martell 1984; Skoog 1968: 170).  Skoog, in discussing the caribou winter diet in Alaska 
(1968:179), notes that ―lichen, because of their high palatability, widespread distribution, and 
general abundance, tend to comprise the major portion of the diet in most regions.‖   Luick 
(1977:267) notes that ―The single nutritional characteristic of reindeer that distinguishes them 
from all other large herbivores and that has enabled them to use holarctic rangelands is their 
preference for and the ability to survive on lichens during the long (6- to 8-months) winter 
grazing period.‖   
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Caribou and Lichen 
 Caribou and reindeer utilize a variety of lichen species, with favoritism shown to the 
genus Cladina (Figure 7.1).  Lichen preference trials on reindeer in Finland showed the following 
preferences in order of decreasing palatability (Caldina rangiferina > C. stellaris (also called C. 
alpestris) > C. mitis > Cladonia uncialis > Cetraria islandica > Cetraria nivalis > Alectoria sp. > 
Stereocaulon sp. (Norberg et al. 1995, in Jandt and Meyeres 2000: 1).  Cladina is one genus of 
fruticose lichen, which also includes the stick-like and hanging lichen.  The Cladina genus of 
lichens are commonly called ―reindeer lichen‖, though are also called ―reindeer moss‖, ―reindeer 
moss lichen‖, or ―caribou lichen‖ (Rook 1999).  
 Caribou and reindeer have a number of physiological adaptations that allow them to 
survive long brutal winters.  These include the high insulating quality of their hair as well as 
unique leg fat and vascular currents in their legs.  Caribou also have a basal metabolism that is 
reduced in the winter by 40% or more, allowing them to survive on the lower quality forage 
characteristic of the season.  One positive adaptation of the caribou‘s lowered basal metabolism 
is the lengthened time that digesting lichen stay in the caribou rumen (Russell and Martell 
1984:130).  During the winter lichen stay in the rumen 23 hours versus 11 hours for the summer 
diet.  This lengthened time in the rumen ferments the lichen, increasing the lichen digestibility by 
62% and allowing more energy to be extracted from the high-carbohydrate plant (White and Gau 
1975; White and Trudell 1980). 
Distal Volcanic Effects on Caribou Forage  
 Volcanic products (tephra burial, sulfur, fluorine and other elements) have a negative 
effect on the higher plants that make up the summer grazing species for caribou, either by burial 
or by acid damage to leaves (Grattan and Pyatt 1994).  Sulfur dioxide effects on plants are visible 
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in the yellowing and bleaching of leaves, while sulfuric acid causes charring or scorching.  
Fluorine or hydrofluoric acid produces lesions of the veins and along the margins of the leaves.  
Acid gasses and acid rain can kill off vegetation, causing short and medium-term feed shortages 
for ungulates (Gregory and Neall 1996).  
Even so, it is on lichen, the primary winter grazing species for caribou, that volcanic 
products have the most profound effects.  Lichens are low growing plants that are actually two 
organisms existing in a symbiotic relationship.  Lichens are typically composed of a green algae 
and a fungus, though they may also combine fungi and other algae or cyanobacteria.  The fungal 
component provides structural support and nutrients from the substrate, while the algae provides 
carbohydrates produced in photosynthesis (Vitt et al. 1988: 156).  There are three ways that 
lichens are commonly killed that are relevant to this thesis.  The first, and most common in 
nature, is by forest fires, usually started by lightning strikes.  The second is burial by soil or 
tephra.  The third means for the demise of lichen is by application of sulfur dioxide or an acid 
variant, either from anthropogenic air pollution or the sulfur fallout from volcanic eruptions. 
Lichen and Fire 
Considerable study has been done on the effects of fire on lichens and the recovery rate 
of varying lichen species and environments.  This research had been conducted because of 1) the 
importance of lichen in the caribou‘s winter diet, 2) the fact that lichens, particularly reindeer 
lichen, are extremely flammable, and 3) lichens have a very slow growth rate and appear to be 
more seriously affected by fire than other forage plants (Parminter and Bedford 2006:2; Scotter 
1968:86).  Research with fire and lichen is important to this thesis because lichen recovery time 
after forest fires can be an analog for recovery of lichen after tephra burial or sulfur poisoning, 
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and because the destruction of lichen, particularly reindeer lichen, would have an immediate and 
dramatic effect on the winter range of caribou (Parminter and Bedford 2006:2).   
Lichen reestablishment times after fires differ between different fires and regions because 
of differences in amount of area burned, fire severity, climate, moisture regimes, and soil types 
(Jandt and Meyers 2000: 1).  Areas burned by hot fires extirpate lichen species in the burned 
area. This requires recolonization from outside the burned area, slowing lichen recovery.   
Some regions revegetate more rapidly than others.  A winter study of the Nelchina 
caribou herd foraging along the Taylor Highway in eastern Alaska found that the caribou 
strongly avoided any areas that had been burned in the last 50 years, choosing areas that had 
burned in the last 75-150 years (Joly et al. 2003).  Biologists modeling Alaskan caribou winter 
use of burned areas consider <80 years as the time following fire where little or no lichen forage 
is present (Rupp et al. 2006).  Scientific studies and traditional knowledge place the recovery 
time for lichen in parts of north-central Canada and the Seward Peninsula in northwest Alaska at 
100 years (Parlee et al. 2005; Scotter 1970). 
Another factor to consider is the desirability of the colonizing species.  Lichen species 
most preferred by caribou are not necessarily the first to colonize burned areas.  A study in 
northern Manitoba and Saskatchewan found that Cladina mitis became established within 40 
years after a fire, while C. rangiferina and C. stellaris reappeared in burned areas older than 40 
years in age (Parminter and Bedford 2006:2).  Cladina mitis and Cladonia species reached peak 
abundance in burned areas between 50 and 100 years old in northwestern Alaska, while Cladina 
rangiferina and C. stellaris in the same area were still gaining in abundance after 100 years 
(Swanson 1996).  Black spruce stands in the lower Mackenzie Valley of Canada‘s Northwest 
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Territories required 120-200 years for Cladina mitis to become well established, and over 200 
year for Cladina rangiferina and C. stellaris to become dominant (Jandt and Meyers 2000:1).   
While lichens are the big losers after fires, other species benefit.  Grasses, forbs and 
shrubs commonly increase after fires.  One study in north-central Canada showed grasses and 
forbs rapidly increasing the first ten years after a fire, then dropping to less than 15% of the post 
fire amount, while shrubs returned to a state capable of withstanding steady forage after 10 to 20 
years (Scotter 1968:85).  Recovery after fire in other areas shows different results.  Recovery 
after fire in western Alaska favored tussock cottongrass (Eriophorum vaginatum), which still 
dominated the burned area 25 years after the fire (Jandt and Meyers 2000: 7).  These replacement 
species are significant parts of the spring-summer-fall diet of caribou, and are important forage 
for moose, but do not replace the important role lichen play in the caribou winter diet. 
 A byproduct of tephra fall is sometimes the forest fire that accompanies it.    Volcanic ash 
clouds commonly generate lightning, particularly near the volcano, though very large eruptions 
may have ash-cloud lightning long distances from the volcano (Thorarinsson 1979).  The 1980 
eruption of Mount St. Helens generated an ash cloud with lightning that caused numerous forest 
fires (Tilling et al. 1990).  Lightning, which does not otherwise occur on Kodiak and Afognak 
islands, was observed almost continuously during the ash fall from the 1912 Katmai eruption.  
Lightning flashes and nearly incessant thunder were reported under the ash cloud at Afognak 
Village, ~130 km east of the vent (Ball 1914).  At Kodiak Village, ~160 km from the vent, the 
Katmai ash fall was presaged by thunder and lightning, with a lightning strike causing the loss of 
the radio station on nearby Wood Island (Griggs 1922:8).   
 Evidence from bog cores and geologic profiles provide additional evidence that forest 
fires are commonly associated with large volcanic eruptions.  Charcoal horizons directly above 
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tephra layers from bog cores on the North Island of New Zealand show forest fires after volcanic 
eruptions, especially large eruptions like the Taupo 1850 B.P. eruption (Wilmshurst and 
McGlone 1996).  Evidence of forest fires after large eruptions is also found in the Yukon 
Territory and Alaska.  A considerable layer of charcoal is visible in geologic profiles on top of 
broad areas of the eastern lobe of the White River Ash in the Yukon Territory.  A charcoal layer 
is visible above the ash in road cuts from what appears to be a single forest fire along at least 10 
km of the Klondike Highway north of Whitehorse (VanderHoek 2004).  The thick charcoal layer 
from this fire commonly rests on top of the ~10 cm thick deposit of the White River Ash, though 
charcoal is also found in the volcanic ash.  A similar circumstance can be found in places above 
the 3500 B.P. Hayes tephra in south-central Alaska.  A charcoal-rich horizon is visible directly 
above the 1 to 2 cm thick Hayes tephra in road cuts along the Glenn Highway in the Chickaloon 
region northeast of Anchorage (VanderHoek 2006).      
Lightning is not the only eruption-related mechanism that can cause or set the stage for 
later forest fires.  Burning vegetation is sometimes pulled into the cloud above the co-ignimbrite 
(pyroclastic) flow, and then deposited downwind in the ash cloud, causing further burning.  
Tephra fall can have a drying effect on some vegetation (Grishin et al. 1996), setting the stage 
for forest fires.  The tephra itself is a well-drained layer of material draped over the landscape, 
creating a dryer environment that may also encourage forest fires.  All of these combine to 
increase the chances that fires may impact the landscape during or soon after the tephra fall.  
Thus forest fires, either from lightning or from vegetation ignited by eruptive material, as a direct 
result of the volcanic eruption, can strongly impact the environment under an ash fall, potentially 
eradicating lichen across the region for many decades.  
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Lichen and Tephra Burial  
Death of lichen by burial of tephra was previously covered in the discussion of tephra 
effects on plants.  Burial with between 4.5 and 10 cm of tephra is enough to kill lichen (Joseph 
Antos, written communication 2007; Antos and Zoebel 2005; Grishin et al. 1996), as the lichen 
lack a woody stem that would allow them to counter the weight of the tephra and project through 
the tephra to the surface.  Lichens do not have extensive root systems, drawing their moisture 
from the air, so do not have the capability to grow roots up through tephra to recolonize the new 
soil surface.    
Lichen and Sulfur 
 Lichens are important in the study of pollution deriving from the combustion of fossil 
fuels because of lichen‘s sensitivity to air pollution products, particularly sulfur dioxide, from 
those sources.  Pollution-related research has been conducted on the effects of sulfur dioxide 
(SO2) on lichen, as well as the effects of sulfuric acid (H2SO4), which forms in the atmosphere 
when sulfur dioxide combines with water.  Lichens are damaged by fairly low levels of sulfur 
dioxide (0.5 ppm) because they lack the protective cuticle of higher plants (Nash 1973).  The 
algae half of the lichen is the first damaged, inhibiting the photosynthetic ability of the plant.  
Fruticose lichens, which include the reindeer lichen, are the most sensitive of the lichen to sulfur 
dioxide and acid rain, with foliose and crustose lichens showing decreasing levels of sensitivity 
(Wetmore 1981).   
Portions of northern Siberia are heavily impacted by air pollution from fossil fuels, with 
dramatic impacts on lichen.  The number of lichen species in some areas has fallen from 50 to 3.  
Lichen production in heavily impacted areas has dropped to 2% of previous levels, threatening 
reindeer populations (Klein and Vlasova 1991; Tinker 2006).   
175 
Volcanic eruptions are also known to dramatic negative effects on lichen.  Sulfur in the 
Katmai ash killed arboreal lichen on Kodiak Island (Griggs 1919a).  The high sulfur Laki Fissure 
eruption in Iceland killed Iceland moss (Lichen islandicus) across most of the island 
(Thorarinsson 1979). 
Several sets of tests have been conducted examining the effects of sulfur dioxide or 
sulfuric acid on reindeer lichen, including the caribou-preferred species Cladina rangiferina and 
C. stellaris.  In one series of tests C. rangiferina, C. stellaris and C. mitis were subjected to 
bimonthly sprays of varying strength acids (at pH 2.5-5.6 [7 being neutral]) during the growing 
season for five years.  The Cladina species were found to have a reduced height and weight from 
this treatment (Hutchinson et al. 1986).  Another set of studies included the evaluation of the 
impact of sulfur dioxide on Cladina (the genus was at this time called Cladonia) rangiferina and 
C. stellaris along with Cetraria cucullata (Moser 1981).  Plots were fumigated with anhydrous 
sulfur dioxide through a perforated pipe set 5 mm above the vegetation.  Sulfur dioxide 
concentrations varied across the sample plots, ranging from < 0.25 ppm to > 1.0 ppm.  
Photosynthetic ability dropped to zero for all three species by the end of three days when 
subjected to sulfur dioxide at >1.0 ppm.  During the same time those plants subjected to ≤ 0.75 
ppm declined considerably, with Cladina rangiferina demonstrating a 90% reduction in 
photosynthetic ability, C. stellaris showing a loss of 79%, and Cetraria cucullata a loss of 70%.  
At the end of the 36-day test period the Cladina rangiferina and C. stellaris plants subjected to 
≤0.25 ppm showed photosynthetic ability significantly less than control specimens.  Follow-up 
testing a year later showed no recovery of photosynthetic ability in the lichen (Moser 1981: 67-
72).  The researcher noted that the presence of rain and wet lichen surfaces would have 
concentrated the sulfur out of the air, intensifying the acidic effect on the plants.  The first four 
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days of testing was accompanied by almost steady rain, so it is probable that the rapid effect of 
the sulfur dioxide on plants was because of the moisture present early in the testing process 
(Moser 1981: 75-76).   He cites another study (Nieboer et al. 1976) where Cladina stellaris is 
exposed to an aqueous solution of sulfur dioxide (presumably sulfuric acid).  After six hours of 
exposure to a 7.5 ppm solution the lichen exhibited a 75% reduction in photosynthesis.  Nieboer 
is cited as equating a 7.5 ppm aqueous SO2 concentration to a 0.60 ppm gaseous concentration.  
Moser notes in summary that gaseous concentrations of SO2 between 0.5 and 1.0 ppm would be 
lethal to the photosynthetic abilities (i.e., the algae) of the test species, depending upon the 
moisture status, within a matter of hours, with SO2 concentrations of less than 0.25 significantly 
reducing photosynthesis in all three species (Moser 1981:78).   
 Lichen and other plants have the ability to collect sulfur when in non-lethal 
concentrations, as well as other minerals that are toxic to ungulates (Tinker 2006). Vegetation 
downwind from volcanic eruptions can be very high in chemicals including fluorine and 
aluminum.  Fluorine fallout from Mt Etna in Sicily has been monitored by measuring its level in 
lichens (Gregory and Neall 1996).  This monitoring has recorded fluorine contents 10-30 times 
greater than normal (Le Guern et al. 1988).     
Effects of Distal Volcanic Products on Other Terrestrial Species 
 The ingestion and inhalation dangers from volcanic ash experienced by caribou, as well 
as the burning and poisoning potential from sulfur, fluorine and other volcanically derived 
elements, are also dangers for virtually all other animal species.  Bison, elk and moose are not as 
―low grazers‖ as caribou, but would still ingest considerable ash while grazing or browsing, and 
as ruminants are also subject to PEM and copper depletion with high sulfur intake.  Small 
mammals (ground squirrels, marmots, rabbits, also squirrels, mice, etc.) living virtually in and on 
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top of the ash would be dramatically impacted by tephra fall, particularly moderate to heavy fall.  
Ethnographic accounts report the loss of the small mammal community after significant ash falls 
(RAIPON and UNEP 2006: Interview 64, Story 370; University of Alaska Fairbanks 1998).    
Birds are heavily impacted by distal volcanic products.  Dead swans, geese, ducks and 
other birds were observed floating down the rivers from lakes on the Alaska Peninsula after the 
Aniakchak eruption on May 20, 1931.  An examination of their entrails showed cause of death 
was from swallowing volcanic ash (Hubbard 1938:57; Trowbridge 1976).   
While migratory waterfowl have the ability to leave the region, smaller ground-dwelling 
birds like ptarmigan bear the brunt of the ash effects.  Ptarmigan suffered massive mortality after 
the 1693 eruption of Hekla Volcano in Iceland.  They ―lay dead in heaps‖ 120 km away from the 
vent, where the tephra layer was from 1 to 3 cm thick (Thorarinsson 1979:137).  Ptarmigan were 
reportedly the bird species that suffered the greatest loss on Kodiak after the Katmai eruption 
(Ball 1914). 
Effects of Distal Volcanic Products on Freshwater and Anadromous Fish 
 There is a considerable literature on the effects of distal volcanic products on anadromous 
(species that have a marine phase of the life cycle, like salmon) and freshwater fish in streams 
and lakes.  Some reports merely describe the effects of the eruptions.  Other studies attempt to 
examine the effects that variables including sediment quantity and presence of various water-
soluble elements have on fish mortality and health. Unfortunately, due to the varying conditions 
and variables examined in each study, it is often difficult to make generalizations between 
studies from the data presented.   
The abundance and rate of population growth of salmon and other fish species are 
dependent upon the number, composition, and fecundity of spawning fish, egg incubation 
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conditions, quantity and quality of spawning substrate, feeding conditions of the young, and a 
variety of other factors (Ostrovsky 1999).  Studies of the effects of ash fall on lake fish have 
generally focused on the possible effects on sockeye salmon (Oncorhynchus nerka), versus 
trying to count non-anadromous species in the lake itself.  Sockeye are generally hatched and 
reared in a lake, usually leaving for the sea after two years, though lake rearing can last from one 
to three years.  Juvenile salmon are called smolt when they are large enough to leave for the sea.  
They mature in the ocean, and return to their home lake as 4, 5 or 6 year-olds to spawn and die.  
Thus the numbers of returning sockeye are seen as an indicator for how positive or negative the 
lake environment was for the salmon fry.  Studies also focus on sockeye because they are a very 
important traditional and commercial fishery, returning in large numbers compared to coho 
(Oncorhynchus kisutch) and chinook (Oncorhynchus tshawytsha) salmon (Kovalev et al. 2000; 
Ostrovsky 1999).   
 Numerous historic accounts note that volcanic eruptions can have negative effects on 
freshwater fish populations.  Trout death in lakes and rivers was heavy after the 1693 Hekla 
eruption.  Trout reportedly died in large numbers 120-180 km from the eruptive vent, where the 
tephra was sandy and fell approximately 1-3 cm thick (Thorarinsson 1979:136).   
Fish deaths were reported in Scotland after the 1783 Laki Fissure eruption.  Volcanic 
acids that were washed from the atmosphere in a summer thunderstorm apparently killed a 
variety of fish species in Water of Leith, the river that flows through Edinburgh (Grattan and 
Pyatt 1994).  
In the interview reported previously with John and Marry Tallekpalek, they mentioned 
that traditional stories told that the volcanic ash fall that took place hundreds of years ago in 
southwestern Alaska occurred in summer, killing all the salmon in the rivers.  The Tallekpaleks 
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noted that salmon didn‘t return until the ash cleared from the rivers (University of Alaska 
Fairbanks 1998).  This result is supported by evidence from the 1912 Katmai eruption, which 
had numerous reports of salmon mortality.   
Many adult salmon died in 1912 as they tried to run up rivers on Kodiak Island and the 
Katmai coast that were choked with ash.  Ash scoured the rivers, removing microfauna normally 
eaten by fish.  Heavy rains in 1912 and spring snow melt in 1913 sent recurring floods of ash 
down larger streams, with turbidity remaining high through 1914, while some small streams 
appeared largely flushed of ash by later in 1912.  Sampling showed that numbers of sea-bound 
sockeye salmon fry in 1913 were very low in heavily ash-impacted creeks (Ball 1914: 57-65; 
Eicher and Rounsefell 1957; Johnson 1977:193).   
Litnik Lake on Afognak Island received 25 cm of ash from the Katmai eruption.  Its 
outlet creek was sampled for salmon fry in the summer of 1913.  The creek was found to have 
fry populations characterized as ―meager‖ (Ball 1914: 65).  Ocean catches of sockeye salmon in 
bays off Afognak Island were normal for the years 1912 through 1915 but declined for the next 
four years.  The smaller salmon runs that returned in 1916 through 1919 were the ones spawned 
by salmon that had to swim upstream and spawn in ash-filled streams, and were fry that had 
survived a year in turbid waters before descending to the sea (Eicher and Rounsefell 1957).   
Data on salmon returns from a lake on the Kamchatka Peninsula impacted by the 1956 
eruption of Mount Besymjanny reflect a similar trend to the Katmai eruption.  Lake Asabatchye, 
located 80 km east northeast of Mount Besymjanny, along with its drainage basin (6x the size of 
the lake), received approximately 2 cm of ash.  Ash effect on the sockeye salmon fry was evident 
four years after the eruption with declining returns of salmon.  Adult salmon returns remained 
depressed through the end of the study in 1964 (Kurenkov 1966). 
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The 1945, 1969 and 1995 eruptions of Mount Ruapehu, southwest of Lake Taupo in New 
Zealand, showed considerable effects on stream species.  Much of the mortality was attributed to 
proximal volcanic effects, particularly lahars, though some fish deaths were attributable to tephra 
deposition and the water-soluble elements in the ash.  Trout and eel (from the order Esocidae) 
mortality was reported after sulfur-rich lahars entered tributaries feeding the Wanganui River.  
Most of the Ruapehu deaths were attributed to sustained high stream acidity, with a pH reported 
as low as 0.8 (Edgar and Keeley 1998; Gregory and Neall 1996). 
A bio-geographic study on the North Island of New Zealand suggests some heavy ash 
falls (≥10 cm) can extirpate all fish species in an area.  The study by McDowall (1996) found 
that both freshwater and anadromous fish were found on the North Island, but not always in the 
same areas.  While anadromous fish were found in all streams in the region with access to the 
ocean, freshwater-only fish were found in streams and lakes north, south and west of Lake 
Taupo, but not to the east.  Lake Taupo is the location of a volcano that erupted in A.D. 186, 
depositing a layer of ash ≥10 cm thick on the eastern side of the island.  McDowall concluded 
that the ash fall wiped out all fish species in the streams under the heavy ash fall, and only those 
species that could recolonize from the sea were able to restock the streams.  A point not 
mentioned in McDowall‘s study is that historic eruptions of Mount Ruapehu, part of the same 
volcanic zone as Lake Taupo, have contained high concentrations of sulfur and fluorine (Edgar 
and Keeley 1998).  It is possible that the Lake Taupo ash may have contained high quantities of 
toxic elements that, in conjunction with the tephra thickness, eradicated all fish from the ash fall 
region.  
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Effects of Sediment on Fish in Freshwater 
 Increased stream and lake sediment from volcanic ash can effect fish in a number of 
ways.  Sediment can affect fish by changing the geomorphic environment of the river or lake, by 
affecting the microfauna that provide food for fish, or by physically having an effect on the fish 
themselves.  Large sediment loads of volcanic ash can actually change the morphology of 
streams and lakes, increasing the downcutting capacity of rapidly flowing streams, filling in 
lakes or pools in rivers, and radically affecting the habitat for microfauna, fry, and spawning 
salmon.  Gravel streambeds are favored substrates for spawning beds by salmon.  Heavy 
sedimentation of these streams can take these out of service for 1-3 years (Bisson et al. 2005). 
In the case of tephra deposition, quantity matters.  There is a vast difference between the 
effects of 0.5 cm of ash fall and 10 cm or more.  While a tephra of <1 cm may have little or no 
discernable effect on the primary or secondary productivity or salmon runs in a lake, a tephra fall 
of 10 cm or more most surely will, particularly on the fish species.  Evidence for this is seen in 
recent work on the salmon productivity of a lake on Sanak Island, located south of the lower 
Alaska Peninsula in southwestern Alaska.  Misarti (2007) looked at the nitrogen inputs from 
salmon over time in lake cores from Deep Lake.  Increases in the nitrogen 15 isotopic signatures 
are considered proxies for increases in marine derived nutrients from spawning sockeye salmon.  
Steep decreases in productivity were seen in the nitrogen 15 signatures after each of four thick 
(>10 cm) tephra falls, suggesting that one of the primary reasons for steep decreases in 
productivity was volcanic activity (Misarti 2007:19).  
Sediment in the water can have a direct impact on the fish themselves.  Fish in high ash 
concentrations appear lethargic, and may suffer mechanical gill damage.  Large amounts of 
sediment can rob the fish of their ability to derive oxygen from the water, causing death by 
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suffocation.  Gills of dead fish are found coated with ash particles and mucus.  (Newcomb and 
Flagg 1983).   
Adult salmon have a somewhat higher tolerance for sediment than do juveniles.  Tests 
were conducted on juvenile and adult coho salmon (Oncorhynchus kisutch) tolerance for 
sediment in the Toutle and Cowlitz rivers during the six months after the eruption of Mount St. 
Helens. The tests showed that juvenile coho salmon placed in live boxes in the Toutle River 
suffered 100% mortality in three hours at mean sediment concentrations of 2,022 mg/l.  Juveniles 
incurred partial mortalities in the lower Cowlitz River following 96-hour exposures to sediment 
concentrations ranging between 500 and 2000 mg/l.  Four adult coho were exposed to suspended 
sediment in a live box in the Cowlitz River.   Concentrations were approximately 1600 mg/l. 
over a period of eight days.  One died after four days of exposure to sediments, another after six, 
and the remaining two died after eight days of exposure.  These tests matched field results, where 
numerous examples of returning salmon were found dead or dying in the lower Cowlitz River, 
unable to tolerate the river‘s suspended sediment load (Stober et al. 1982).  Another set of tests 
examined the ability of juvenile coho salmon and steelhead (Salmo gairdneri) to tolerate various 
kinds of suspended solids.  The tests suggested that while the fish could tolerate considerable 
quantities of suspended sediment, it decreased their feeding rate and made them more susceptible 
to disease (Redding and Schreck 1987)     
Testing has shown that small to moderate amounts of ash in the water cause salmon to 
avoid their nursery streams in favor of less turbid waters. High suspended sediment load was also 
deemed the cause for reduced upstream movement during testing (Phinney 1982; Stober et al. 
1982; Whitman et al. 1982).   
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 Sediment in the water column may also have a short-term negative effect on 
phytoplankton.  Phytoplankton are microflora in the upper water column that fix carbon in sunlit 
surface waters via photosynthesis.  Increased turbidity may shade phytoplankton and reduce 
photosynthesis (Misarti 2007:19)   
 Data from streams impacted by the 1980 ash fall from Mount St. Helens showed that fish 
there experienced an initial population crash for several years, a three-year return to normal, then 
a post-eruption rebound above normal for most of the next ten years.  The population crash was 
attributed to high sediment levels, high and variable temperatures, loss of vegetation cover along 
streams and loss of food resources.  The post-eruption rebound was attributed to lack of 
significant predators (including human fishermen), high primary productivity, and abundant 
terrestrial and aquatic invertebrates (prey species).   An additional factor in the Mount St. Helens 
post-eruption fish rebound that makes this example less applicable to other eruptions is that fish 
stocking was also conducted to insure that desirable commercial and sport fishing species made a 
rapid comeback (Bisson et al. 2005).   
Six lakes impacted by the Mount St. Helens eruption lost their fish populations as a result 
of the eruption.  This was thought to be because of the smothering effect of ash fall as well as the 
effect of increased turbidity and shade on phytoplankton (Crawford 1986).  
Effects of Water-Soluble Elements on Fish in Freshwater 
 Water-soluble elements in volcanic ash can have positive, negative, or even no 
discernable effect on the flora and fauna of streams and lakes.  Researchers for many years have 
recognized that primary productivity (the growth of phytoplankton) of many lakes is limited by 
the lack of some nutritive elements.  Many lakes in western North America and southern Alaska 
have primary productivity limited by phosphorus availability (Ellis and Stanford 1988; Misarti 
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2007: 16).  They reasoned that the addition of phosphorus, iron, silica or other nutrients from 
volcanic ash inputs would increase primary productivity, which would increase secondary 
productivity (zooplankton, who eat phytoplankton, and in turn are the food of salmon and other 
fish fry), and increase salmon fry, particularly the number of lake-reared sockeye salmon (Eicher 
and Rounsefell 1957; Mathisen and Poe 1978).  Other researchers have noted that (silicic) 
volcanic ash lacks significant nutrients, including phosphorus, so should not be expected to have 
a favorable effect on salmon populations (Goldman 1961; Ostrovsky 1999).  
The concept of tephra falls acting to increase primary production in lakes is supported by 
some diatomic studies in lake cores.  Diatom counts sometimes go up in lake cores after ash 
falls, suggesting that the microflora are receiving some beneficial effect (Gregory-Eaves et al. 
2004; Telford et al. 2004).  Often diatom counts will stay high for decades or centuries.   
Complicating this picture is the fact that sometimes diatom counts in lake cores stay the same 
after ash falls (Ellis and Stanford 1988; Telford et al. 2004).  An examination of diatom species 
shows that species composition often changes after ash falls (Telford et al. 2004), suggesting that 
tephra inputs favor some phytoplankton over others.  Researchers have linked the increased 
diatom productivity to the increase in volcanic silica (Harper et al. 1986; Mathisen and Poe 1978; 
Telford et al. 2004).   
Lake core studies detect major trends that take place in a lake over decades or centuries, 
so are useful tools for the study of climate change.  Unfortunately, lake cores do a poor job of 
detecting short-term changes that take place in lake chemistry because they lack year-by-year 
resolution.  Because of this lack of resolution it difficult to detect whether fish (particularly 
sockeye) may have reacted positively to increases in primary productivity from ash fall.  For fish 
numbers to go up after ash falls in lakes because of increase in primary productivity requires 1) 
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the phytoplankton react positively to the ash fall, 2) an increase in zooplankton species because 
of the phytoplankton bloom, 3) the zooplankton increase be species that are favored by fish fry, 
and 4) the increase in fish food outweigh any negative effects from the ash fall.  
Several studies show that ash fall does not appear to translate into a short-term salmon 
production.  In one example, the effects of both ash falls and artificial lake fertilization were 
studied in regards to sockeye salmon runs from Lake Kurilskoe on Kamchatka.  No increase in 
sockeye salmon was attributable to either artificial fertilization or to ash deposition (Ostrovsky 
1999).  Several other case studies show that while tephra fall may increase primary or secondary 
production, it does not necessarily translate to increased numbers of returning salmon.  Mathisen 
and Poe (1978) studied the effects of the 1976 eruption of Mount Augustine on Lake Iliamna.  
The lake received between 0.1 and 1.0 cm of ash fall.  Phytoplankton increased considerably in 
the year after the ash fall.  Some increase in zooplankton was seen in the area of greatest ash fall, 
but zooplankton did not increase across the lake as a whole.  No change was seen the production 
of juvenile sockeye salmon.   The 1956 eruption of Mount Besymjanny over Lake Asabatchye on 
Kamchatka (Kurenkov 1966) showed similar results.  In this case several species of 
phytoplankton increased in the seven growing seasons after the eruption.  Secondary productivity 
was low for several years before the eruption, and stayed low for four summers after the 
eruption, after which it increased considerably for three years, and then increased again for the 
last two years of the study.  In this study sockeye salmon returns had peaked three years after the 
eruption and declined in the five remaining years of the study. 
 One dataset (Eicher and Rounsefell 1957: Table 1) allows us to examine several 5 year 
salmon cycles for sockeye populations impacted by the 1912 Katmai eruption.  It shows average 
salmon returns for 1912 though 1915, below average returns from 1916 through 1920, and then 
186 
generally average years thereafter through 1927.  Several patterns are visible in the data.  One is 
that salmon returns were about half their normal size for the four years that ash-impacted fry 
returned from the sea as adults (1916-1920).  Another is that salmon numbers rebounded rapidly, 
with returns generally strong in the second generation, (the generation hatched by the eruption-
impacted fry), with the 1921 generation slightly larger than any other year.  A curious variation 
in this pattern is that very low salmon returns continued to be recorded in 1922 and 1927, 10 and 
15 years out from the 1912 eruption.  Why this returning generational cycle would continue to 
have low populations (showing some continued impact from the eruption?) is unclear.     
Primary productivity after ash falls, as seen in lake diatom counts, sometimes increases 
and stays high for many decades.  No evidence is found to associate this with a long-term 
increase in salmon productivity, though one study showed a delayed peak in salmon fry growth 
rates attributed to the ash fall.  This was seen in a later study of Lake Asabatchye (here spelled 
Azabach‘e) on Kamchatka (Kovalev et al. 2000).  This study charted the abundance of 
zooplankton in relation to the frequency of smolt age.  Under normal conditions, food supply is 
known to be the limiting factor for sockeye during their early freshwater period.  In this study, 
juvenile salmon that had grown large enough to make their seaward migration after one year 
instead of taking the normal two years of lake rearing were seen as a result of greater secondary 
lake productivity.  The two spikes recorded in secondary productivity and juvenile salmon 
growths were believed to be driven by two sources of outside inputs.  A 1989 spike in one-year 
smolts was believed to be from the large input of nutrients from the dead bodies of large 
spawning sockeye runs in 1983-1985, which caused a spike in zooplankton in 1987-1989.  The 
spike in one-year smolts in 1979 is thought to be from an increase in plankton resulting from the 
1975 Tolbachik eruption, which dusted the lake with volcanic ash.  Unfortunately, no depth of 
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ash fall on the lake was given in this study (Kovalev et al. 2000).  This study suggests that 
increasing primary and secondary productivity may cause a short-term increase in juvenile 
salmon size some years after the outside inputs.  These results suggest that more longitudinal 
stream studies examining the possible relationship between ash fall-induced lake productivity 
and adult salmon returns would be useful.   
 An important effect on lacustrine systems is the water-soluble acids, including sulfur and 
fluorine, which end up as sulfuric acid and fluoric acid in stream and lakes.  Increasing pH in 
streams and lakes rapidly affects benthic fauna.  A pH of 6 (7 being neutral) brings about death 
in crustaceans and snails, and negatively influences fish behavior and reproductively.  This is 
seen in a Japanese study, which examined the effects of acidic waters on the reproductive 
behavior of three species of salmonids.  The three species tested were hime salmon (landlocked 
sockeye salmon, Oncorhynchus nerka), brown trout (Salmo trutta), and Japanese char 
(Salvelinus leucomaenis).  Spawning-related digging and other upstream behavior of the fish 
were significantly inhibited in weakly acidic water (pH 5.8-6.4) using sulfuric acid.  The sockeye 
salmon were found to be the most sensitive of the three species to changes in pH (Ikuta et al. 
2003).  Other testing has shown that acidic river water (pH 5.8 to 6.2) reduces the oxygen intake 
ability of Atlantic salmon (Salmo salar) juveniles, while water with pH <5.8 leaves the juveniles 
unable to survive the transition from freshwater to salt water (Kroglund and Staurnes 1999).  
Adult salmon, rainbow trout (Oncorhynchus mykiss) and whitefish (Stenodus, Prosopium, and 
Coregonus sp.) populations will die in water with pH 5.5.  Perch (from the family Percidae) and 
pike (from the family Esocidae) can live in acidic waters up to pH 5.0, and eel (from the order 
Esocidae) and brook trout (Salvelinus fontinalis) can exist to pH 4.5.   
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Some volcanically derived water-soluble elements can affect fish populations in 
relatively small amounts.  Fluorine concentrations of 0.026 mM can negatively affect migration 
in adult salmon.  Aluminum (Al) concentrations as low as 2µM may have adverse effects on 
salmon and trout populations.  Acids can also combine with other elements to create toxic 
byproducts.  Aluminum toxicity has led to fish kills in fresh water acidified by acid rain.  
Aluminum toxicity is usually related to the concentrations of aluminum at pH lower than 5.  At 
higher pH, aluminum is deposited directly upon fish gills, leading to respiratory failure.  
Aluminum also combines with fluoride to make the potentially toxic aluminofluoride, which can 
persist in poorly mixed freshwater systems with low turnover rates in concentrations toxic to 
both animals and plants (Kockum et al. 2006).   
Effects of Distal Volcanic Products on Marine and Inter-tidal Species 
 There is a comparatively small body of evidence describing the effects of distal volcanic 
products on marine species.  Marine environments have several factors going for them that work 
to mitigate the effects of volcanic eruptions.  First, marine water volumes are usually many 
orders of magnitude larger than freshwater environments, so volcanic products, particularly 
when emplaced by ash fall, are spread out and diluted.  Second, tides and ocean currents work to 
move sediment away from the area of deposition, further diluting it.  Thirdly, seawater is 
naturally buffered from volcanic acids.  We can evaluate distal volcanic effects by considering 
the effects of sediment and water-soluble elements on marine species. 
Effects of Sediment on Marine Species 
Explosive volcanic eruptions can deposit sediment in oceans and seas either by tephra 
fall, through sediment pulses in rivers, or through pyroclastic events flowing directly into the sea.  
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Tephra fall over the marine environment has the least intensive affect of the three emplacement 
mechanisms discussed here, but may impact a very large area.  Effects generally depend upon 
the thickness of the ash fall, though some marine species are more sensitive than others.  Kelp 
was heavily impacted in the area of heavy ash fall after the 1912 Katmai eruption, and by the 
summer of 1913 was still far short of its former abundance (Rigg 1914).  Coral reefs are one of 
the most sensitive to sediment of marine organisms.  Thin layers of volcanic ash (≤1 cm) and 
even turbid waters can cause increased disease, coral bleaching, and reef disintegration, stopping 
reef growth for many years, and causing loss of habitat for many fish species (Brongersma-
Sanders 1957: Brosnan 2000).  Both ash fall and river sediment input were responsible for reef 
destruction and fish decline after the 1991 Mount Pinatubo eruption in the Philippines.  Some 
sections of the western coast in Zambales Province on the island of Luzon lost up to 85% of the 
coral reef cover because of water turbidity.  In the six months after the eruption satellite imagery 
showed very turbid waters 3 km from the coast, with relatively turbid waters up to 10 km from 
the coast.  Fish biomass declined from 23 to 69% along the coast, with fish decline 
corresponding with areas of greater ash fall (Eseguerra and Siringan 1998; Infante-Guevara 
1992). 
Volcanic ash fall can also directly impact marine fish, with several accounts noting the 
disappearance of cod (Gadus sp.) from the area covered by a tephra fall.  Cod disappeared from 
the fishing grounds off the coast of Iceland after the region was covered by a tephra-fall from the 
March 29, 1947 eruption of Hekla Volcano.  The abandonment was temporary, as they were 
caught there again two days later.  The account that reports this does not give a depth of ash fall 
(Thorarinsson 1979).  Another account reports regional abandonment by cod for a longer period.  
Ball (1914) reports that three months after the 1912 Katmai ash fall cod were still unavailable in 
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areas they previously inhabited.  While Ball is not specific, it appears he is referring to the region 
around Afognak Island, which received a thick (~25 cm) covering of ash.  Ball also notes 
considerable mortality of sea urchins (from the class Echinoidea) after the Katmai eruption, 
‗which in large numbers were cast upon the shores or drifted about the bays and straits‖ (Ball 
1914:62).  He also notes that the eruption resulted in a ―considerable loss of mollusks, 
particularly clams and cockles, which is hard to understand in view of the fact that their native 
element is mud‖ (Ball 1914:62).       
Volcanically derived sediment in rivers can come from lahars, from the collection of 
tephra from a stream‘s drainage basin, or from the erosion of existing soils after deforestation 
caused by volcanic processes.  Massive sediment pulses from rivers have the potential to 
dramatically impact both coastal and deepwater resources in the vicinity of the stream mouth, 
and also along the shoreline in the direction of the longshore transport.  These massive amounts 
of sediment can bury rocky inter-tidal regions, altering them to become sandy beach 
environments.  The time required for colonization by sediment-adapted species can be lengthy, 
with the new environment usually less productive than the previous rocky shore.   
Pyroclastic flows impacting inter-tidal and marine environments are dramatic, explosive, 
and leave long-lasting legacies, though they tend to be localized in their effects unless the flow is 
very large (multiple km³) in size.  Inter-tidal species would be extirpated because of the high 
temperature of the flow, and environment amelioration could take decades to centuries, 
depending upon climate and the mass of the deposit.   
Effects of Water-Soluble Elements on Marine Species   
 Seawater is considerably less impacted by volcanically derived water-soluble elements 
than is fresh water.  The mixing ability and greater volume of the marine environment act to 
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dilute volcanic acids.  The relatively high pH of seawater counteracts the low pH of sulfuric and 
other acids.  The deposition of volcanic aerosols may also enhance biological productivity by 
providing micronutrients to some marine phytoplankton (Kockum et al. 2006).   
Ethnographic accounts suggest that although volcanic products may heavily impact the 
marine environment, there are still often resources present that allow human survival.  John and 
Marry Tallekpalek noted that after the volcanic ash fall in southwest Alaska told of in traditional 
stories, the only thing that people had to survive on were the little blackfish and stickleback 
along the coast (University of Alaska Fairbanks 1998).     
Summary 
 This chapter discusses the effects of distal volcanic products on selected plant and animal 
species.  Volcanic ash and associated water-soluble elements can have both short and long term 
effects on the plants and animals in an ecosystem, reducing the ecosystem‘s productivity and 
forcing hunter-gatherer populations to look outside the impacted region for food.  These volcanic 
products have proven to be responsible for high mortality in domesticated animals.  Harmful 
effects can come from inhaling or ingesting ash, inhaling noxious fumes, ingesting toxic 
substances, tooth wear from ash, or suffering impacts to the eyes or skin.  Inhaling ash decreases 
lung function and can cause silicosis.  Ingesting ash can decrease food intake and interfere with 
digestion.  Ruminants are particularly sensitive to the disruption of rumen activity by large doses 
of sulfur.  Volcanic impacts on sheep appear to be a good analog for the kind of effects possible 
on caribou, which are also ―bottom‖ or low grazers, and fellow ruminants.  Like sheep, caribou 
would be heavily impacted if sulfur, fluorine or other toxic elements were mixed with ash.  It is 
reasonable to assume that caribou, like deer and other ruminants, would develop PEM if 
ingesting high levels of sulfur with forage.  Ethnographic accounts report that large numbers of 
reindeer have died on Kamchatka from volcanic ash ingestion, though it is possible that ash 
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inhalation and other factors may have played a role in the reindeer mortality.  Like sheep 
(Burnstein et al. 1982), caribou would experience a reduced sense of smell after encountering 
sulfuric acid.  This would not only hinder cows identifying of their calves, but also interfere with 
winter foraging, as caribou rely heavily on sense of smell to locate lichen under the snow (Layne 
Adams, personal communication 2008).  
It is important to note that there are both acute and long-term chronic effects of volcanic 
ash in caribou and other animal populations.  While high exposure to some volcanic products can 
poison outright and kill animals, long-term exposure will sap animal vitality.  Constant exposure 
of caribou to even low levels of ash and sulfur would reduce the successful birthing and rearing 
of calves, winter survivability, and animal life span (Layne Adams, personal communication 
2006).  Decreased vitality would increase predation success.  These series of stressors would put 
caribou populations in a downward spiral that, if unchecked, they might not recover from.  
While most high latitude vegetation is susceptible to distal volcanic products (tephra, 
sulfur or fluorine deposition, etc), the vegetation most vulnerable to these products are lichen.  
This is important, because lichen is the key grazing species across most of Alaska in the winter 
diet of caribou.  Lichen can be killed by sulfur (particularly sulfuric acid), burial (by as little as 
4.5 cm of ash), and by fire (which can be started by lightning, which often accompanies volcanic 
ash clouds).  Botanical studies show that lichen patches killed by fire take from 50 to >100 years 
to repopulate, particularly by some caribou-preferred lichen species.  This gives us an analog for 
the recovery time of lichen after volcanic impacts.  Consequently, distal volcanic products may 
briefly impact most plant species, but will have a relatively long-term effect on lichen and 
caribou populations. 
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Considerable evidence exists to show that distal volcanic products have considerable 
negative impacts on freshwater (including anadromous) fish populations.  Fish are negatively 
affected by the change in habitat from geomorphic reworking of lakes and streams, as well as by 
the suspended volcanic ash and volcanically derived acids they may contain.  Turbidity studies 
show that suspended ash decreases fish ability to derive oxygen from water, decreasing vitality, 
ability to resist disease, and upstream mobility.   
Sockeye salmon runs appear to decline with 2 cm of ash deposited in nursery lakes.  
Evidence suggests that in some cases 10 cm of ash may eradicate lake and stream fish 
populations, (possibly when accompanied by volcanic acid or other toxic elements), requiring 
recolonization from outside the area.  Ash depths of 25 cm strongly affected the returning ~5 
year cycle of sockeye salmon after the 1912 Katmai eruption, greatly reducing the runs 4 to 8 
years after the eruption.  Eruption year affects on fry appear to have been visible in the lower 
numbers of returning populations 2 and 3 generations later.  Productivity of lake phytoplankton 
increases after some ash falls but not after others.  This increased productivity may translate into 
a short-term increase in juvenile sockeye growth rates, though more study is needed on this 
topic.  
 Inhabitants of freshwater ecosystems have varying resistances to toxic acids and other 
water-soluble elements.  Mildly acidic water is toxic for some freshwater invertebrates, and 
inhibits fish spawning behavior.  Salmon and some trout species are the fish most sensitive to 
acidic water, with pike and other species more tolerant.  Acidic water can increase the release of 
toxic elements, including aluminum, into the water.  Delivery mechanism of the water-soluble 
element along with drainage system turnover rates would vary the impact of volcanic acid from 
system to system. Acidic rains would be concentrated and their impact greater in water systems 
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with low turnover rates.  Effects of high sulfur tephra would be concentrated in drainages with 
high catchment area to water volume ratios.    
Marine systems are also impacted by distal volcanic products, though they return to pre-
eruption conditions much faster than freshwater ecosystems because of the greater water 
volumes involved.  Marine corals are possibly the most sensitive marine organisms to ash fall, 
with small sediment inputs causing high mortality.  High sediment inputs have long-term 
negative effects on coral reef and rocky shore environments, but effects are generally localized 
near river mouths and along the coast in the direction of longshore transport.  Marine systems are 
buffered from volcanic acids and appear to receive no ill effects.  Marine ecosystems away from 
high sediment inputs would appear to be only slightly impacted by volcanic ash falls.   
This chapter has shown that distal effects of volcanic eruptions can have significant 
ecological effects.  All animals are negatively impacted by volcanic ash, but low grazers like 
caribou are harmed more than most.  Large volcanic eruptions cause acid rains, which harm or 
kill most species of lichen, the primary winter forage for caribou in much of Alaska.  Lake fish in 
shallow lakes with large drainage basins may also be heavily impacted by tephra and volcanic 
acid inputs.  A very large, high sulfur volcanic eruption would heavily impact the area under the 
ash and sulfur fall, possibly extirpating caribou from a vast region.  If the slow-growing lichen 
were killed over much of this region, it may take over a hundred years for lichen recovery that 
would support a significant caribou population.  Human populations that depended upon caribou 
and lake fish would have to leave the impacted region, unable to return for generations. 
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CHAPTER 8) HOLOCENE VOLCANISM IN THE ALEUTIAN ARC 
Volcanology of the Aleutian Arc 
Two-thirds of the world‘s active volcanoes are located around the edges of the Pacific ―Ring 
of Fire‖ (Blong 1984).  These volcanoes are located along convergent plate margins, and are 
characterized by the classic Mt. Fuji-type stratovolcanoes and predominantly explosive 
volcanism.  This type of volcano makes up the Aleutian Arc, which stretches approximately 
2,500 km from the western end of the Aleutian Islands to the upper reaches of Cook Inlet in 
south-central Alaska.  This volcanic chain is the result of active subduction of the Pacific Plate 
beneath the North American Plate.  The Aleutian trench, which extends 3,400 km from the 
northern end of the Kamchatka trench to the Gulf of Alaska, marks the boundary between the 
two plates (Wood and Kienle 1990:9).   
The chain of Aleutian Arc volcanoes is relatively linear, and aligned above the 100 km deep 
contour of the Wadati-Benioff zone, the subduction zone‘s region of greatest crustal melting 
(Kienle and Swanson 1983; Wood and Kienle 1990:10).  The rate of subduction of the Pacific 
Plate is highest in the central Aleutian Arc, and systematically lower on the eastern and western 
ends.  Not surprisingly, the largest and most active volcanoes are found over the region where 
the subduction rate is highest, generally those located between 158º and 169º west longitude 
(Fournelle et al. 1994).  This region includes the Veniaminof, Black Peak and Aniakchak 
volcanoes.  These volcanoes are typified by explosive eruptions, producing flowing clouds of 
pyroclastic flow or blanketing layers of tephra over the landscape.  These are the types of 
eruptions that have taken place at the Aniakchak Volcano throughout its history, and which have 
shaped it and the landscape around it. 
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Periodicity of Holocene Volcanism 
Studies of volcanism in sections of the ‗Ring of Fire‖ have shown periods of greater 
volcanic activity separated by periods of relative quiet (Braitseva et al. 1995; Hall and Mothes 
1999; Riehle et al. 1998).  The volcanoes of the central Alaska Peninsula appear to have had two 
major eruptive periods: one between approximately 8,000 and 9,000 B.P, and the other between 
4,000 and 3,400 B.P.  The earlier Holocene period corresponds with the period of greatest 
Holocene volcanic activity, as evidenced by the sulfur dioxide signatures in the Greenland ice 
cores (Zielinski et al. 1994).  Numerous large volcanic eruptions on Kamchatka and the Aleutian 
Arc date to this period (Braitseva et al. 1995; Dumond and Knecht 2001; Mason 2001; Miller 
and Smith 1987; Ponomareva et al. 2004; VanderHoek and Myron 2004:153, Figure 7.8).  The 
second eruptive period, between 4,000 and 3,400 rcy B.P, was also a volcanically active one 
world-wide, as well as in the eastern Aleutian Arc.  For many volcanoes, these were the largest 
Holocene eruptions, or were the largest eruption in a given region during the latter half of the 
Holocene.  A surprising number of large eruptions took place around 3,500 years ago, including 
Thera/Santorini in the Aegean Sea (Manning et al. 2006), Vesuvius in Italy (Vogel et al. 1990), 
Witori in New Britain (Torrence 2002), the Cuicocha ash in northern Ecuador (Athens 1999), 
Mount St. Helens (Y tephra set) in the western United States (Mullineaux 1986), Avachinsky on 
the Kamchatka Peninsula (Braitseva et al 1995), and other eruptions on the eastern Aleutian Arc.  
Among the later, the volcanoes with major eruptions between 3,400 and 4,000 rcy B.P. include 
Mt. Hayes, Mt. Redoubt, Mt. Dana, and possibly Mt. Illiamna, as well as Kaguyak, Veniaminof, 
and Aniakchak, with the last three experiencing caldera-forming eruptions (Riehle et al. 1998).  
Four of the six Holocene caldera-forming eruptions on the Alaska Peninsula took place during 
this time (Riehle et al. 1998) (Figure 8.1).  (A caldera forms when the upper part of a volcano 
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collapses in on itself following the emptying of a large magma chamber underneath.  Caldera 
formation is one indication of a large-scale eruption.)    
Riehle speculates that this period of volcanism was initiated by regional tectonic plate 
movement, prompted either by glacial rebound or a change in the direction, rate of convergence, 
or dip in the subducting plate (Riehle et al. 1998).  That this pulse of volcanism at around 3,500 
B.P. took place worldwide suggests that, while shifting of tectonic plates could have triggered 
the eruptions, some global event probably caused the worldwide tectonic movement.  In this case 
the tectonic trigger may have been the climatic cooling that took place at this time, which led to 
stress changes on the earth‘s crust (Rampino et al. 1979). 
Volcanoes in the Chignik Segment of the Aleutian Arc  
The Alaska Peninsula volcanoes have been classified by researchers into different 
segments corresponding to their general geographic alignments.  The central Alaska Peninsula 
volcanoes form the Chignik Volcanic Arc Segment (Wilson 1988).  This segment stretches from 
the Aniakchak Volcano in the northeast to the Port Moller embayment in the southwest, and 
includes Aniakchak, Black Peak, Veniaminof, and five southern volcanoes termed ―the Stepovak 
Bay group‖ (Wood and Kienle 1990), including Kupreanof Volcano and Volcanoes 1-4.   
The largest of the eruptions in the Chignik Volcanic Arc Segment between 4,000 rcy B.P. 
and 3400 rcy B.P. were the Aniakchak eruption at 3400 rcy B.P, and the 3700 rcy B.P. eruption 
of Veniaminof, the large volcanic center approximately 110 km down the peninsula from 
Aniakchak (Miller and Smith 1987; Riehle et al. 1998).  Like Aniakchak, the Veniaminof 
eruption produced over 50 cubic kilometers of eruptive material and voluminous pyroclastic 
flows that may have blanketed the peninsula from one side to the other (Miller and Smith 1987).  
A smaller caldera-forming eruption (>10k³) took place somewhat earlier at Black Peak, the 
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volcano located equidistant between Veniaminof and Aniakchak volcanoes (Miller and Smith 
1987).  Together these three volcanoes (Aniakchak, Black Peak and Veniaminof) dramatically 
impacted a large region of the central Alaska Peninsula with pyroclastic flows, lahars, and heavy 
tephra fall.  While the Pacific coast of the Alaska Peninsula would have been strongly impacted 
along the Veniaminof massif and in Aniakchak and Kujulik bays, the main ecological effect of 
these eruptions would have been felt on the Bristol Bay side of the peninsula.   
Aniakchak Volcano 
The Aniakchak volcano is a broad andesite shield volcano located on the central Alaska 
Peninsula.  The caldera‘s center is at latitude 56º 54′ 16″ N, longitude 158º 08′ 39″ W.  It is 
located approximately 28 km northwest of the Pacific Ocean, and approximately 28 km east of 
Bristol Bay.  The caldera is approximately 10 km in diameter (Figure 8.2).  The elevation of the 
caldera rim varies from 1341 m to 610 m amsl (Miller et al. 1998:29), while Surprise Lake on the 
caldera floor is 321 m amsl.  Surprise Lake drains out through a rift in the caldera wall, 
becoming the Aniakchak River, which flows southeast to the Pacific Ocean.  The caldera 
contains a number of post-caldera eruption volcanic features, including Vent Mountain, Half 
Cone and 1931 craters, as well as other craters, domes and lava flows (Neal et al. 2001:8, Figure 
5). 
 The Aniakchak Volcano is one of Alaska‘s most active volcanoes.  It has had over 40 
explosive eruptions in the last 10,000 years, more than any other volcano in the eastern Aleutian 
Arc (Neal et al. 2001: 6, Figure 3; Riehle et al. 1999).  It is considered one of the more hazardous 
volcanoes in the Aleutian Arc because of its continuous production of relatively silicic 
(explosive) magmas throughout its post-caldera history (Dreher 2002).  Caldera subsidence, 
degassing and low-level periods of seismicity have shown that a shallow magma body persists 
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beneath the caldera, indicating the volcano is still active and capable of further eruptions (Kwoun 
et al. 2006). 
The caldera was discovered by a U.S. Geological Survey party in 1922 (Smith 1925), but 
became known to the American public mainly through the writing, lectures and movies of Father 
Bernard Hubbard, a Jesuit priest and head of the Geology Department at the University of Santa 
Clara (1930, 1931, 1932a, 1932b, 1935, 1938).  Father Hubbard visited the caldera in 1930 and 
reported on the ―Paradise Found‖, describing the extensive vegetation and wildlife he found 
there (Hubbard 1930, 1931).  He then visited it again in 1931 after it had erupted, and found the 
caldera a ―Paradise Lost‖, lifeless and covered in lava and volcanic debris (Hubbard 1938:60).  
In 1931, an article about Father Hubbard‘s adventures in the Aniakchak region caught the eye of 
Horace M. Albright, at that time the director of the National Park Service.  Albright initiated the 
process that culminated in 1980 with its designation as a national monument and preserve 
(Norris 1996:426, 448)   
The Aniakchak Volcano has experienced numerous major eruptions in the Holocene.  
Twelve of these eruptions took place in the first half of the Holocene.  The largest of these early 
Holocene eruptions probably took place around 8000 B.P. (VanderHoek and Myron 2004:153, 
Figure 7-8).  Another eight took place between 5,000 and 4000 years ago.  Approximately ten 
eruptions took place in the several centuries before the major 3,400 rcy B.P. eruption.  One 
explosive eruption is dated to 2,300 B.P, and a series of three eruptions took place approximately 
1,500 B.P.  Explosive eruptions also date to 900, 560, 400, and 390 B.P. (Neal et al. 2001).   The 
later eruption, either by itself or in conjunction with the closely preceding eruptions, left a 10 cm 
blanket of tephra draping the Brooks River region, 225 km to the north of Aniakchak (Riehle et 
al. 2000).     
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The last Aniakchak eruption took place in May and June of 1931.  The eruption started 
on May first, when residents of Meshik (now considered part of Port Heiden) observed a steam 
eruption ascending from the caldera.  This was shortly followed by earthquakes and tephra 
falling from a black mushroom cloud.  A swath of ash 10 km wide was observed above Bristol 
Bay.  The main ash plume trended to the north, with a fine dusting of ash falling as far north as 
Holy Cross, 600 km north of the volcano.  Ash fall was also reported at Squaw Harbor 240 km 
southwest of Aniakchak, as well as 350 km to the northeast on Kodiak Island.  Tephra from the 
eruption affected several hundred thousand square kilometers of southwest Alaska.  The total 
amount of material erupted from the 1931 eruption is estimated to be approximately 0.3 to 0.5 
km³ (Neal et al. 2001: 7-11). 
The two largest Holocene Aniakchak eruptions were major caldera-forming eruptions.  
The timing and effects of the earlier caldera-forming eruption (ANIA I) are poorly known 
because, like Veniaminof, pyroclastic deposits from this eruption were either eradicated or 
buried by the subsequent eruption.  Recent work suggests that it took place around 8000 B.P. 
(VanderHoek and Myron 2004: 153, Figure 7-8).  The current configuration of the Aniakchak 
Caldera (ANIA II) was formed approximately 3400 rcy B.P. by the second major eruption 
(Miller and Smith 1987).  Air fall tephra from ANIA I and pyroclastic flow from ANIA II are 
commonly found in stratigraphic profiles on the Pacific coast of the Aniakchak National 
Monument and Preserve (Dilley 2000; VanderHoek and Myron 2004). 
Age of Mid-Holocene Aniakchak Eruption  
 The Aniakchak mid-to-late Holocene eruption is well dated by both radiocarbon and 
tephra correlations with samples from the Greenland ice cores.  Several age estimates for the 
Aniakchak eruption are given in the vulcanological and archaeological literature, as well as 
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variations in expression, including c. 3400 B.P. (Beget et al. 1992; Waythomas et al. 1996), 3400 
bp (VanderHoek and Myron 2004), 3400 YBP (Dreher 2002); ~3400 years ago (Dreher et al. 
2005); 3430±10 yrs B.P. (Miller and Smith 1987; Miller et al. 1998), ca. 3.5 ka (Kwoun et al. 
2006), and ~3500 years ago, 3500 years B.P., or ~3500 B.P. (Dumond 2004; Neal et al. 2001; 
Waythomas and Neal 1998).  
The best estimate for the age of this eruption is a radiocarbon age of approximately 3400 
radiocarbon years B.P.  A cluster of nine radiocarbon dates on samples related to the pyroclastic 
flow and tephra fall components of the eruption collected by Miller and Smith (1987) range from 
3350±200 to 3670±60 rcy B.P.  The three dated samples of charcoal taken from widely separate 
locations in the ash-flow tuff are what Miller and Smith (1987) give the most credence, and 
which give a weighted mean age of 3430±10 rcy B.P.  Begét et al. (1992) recalculated the date 
for caldera-formation using a dataset that included two Miller and Smith (1987) ash flow dates, 
along with five additional distal tephra dates from various sources, and arrived at an estimate of 
3435±40 rcy B.P.  Both of these dates correspond well with the single NPS C-14 sample of the 
caldera-forming event, where charcoal from reworked pyroclastic flow returned an AMS date of 
3400±40 rcy B.P. (VanderHoek and Myron 2004:256, Appendix C). 
 The Thera/Santorini eruption dates between 1480 and 1650 B.C.  Several sulfuric spikes 
in the Greenland ice cores have been suggested for the Santorini eruption, including the ones at 
1623 B.C. (Manning 1998; Manning et al. 2006) and 1645 B.C. (Hammer et al. 2003).  The 1645 
±4 B.C. acid spike has also been suggested as a possible signature for the Aniakchak mid 
Holocene caldera-forming eruption (Melekestev and Miller 1997).  This interpretation was 
recently given greater support when a reanalysis of chemical data derived from tephra 
microparticles extracted from the 1645 B.C. acid spike layer of the Greenland GRIP ice core 
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were shown to correlate, not with the Minoan eruption, but with the Aniakchak eruption, 
providing the first firm identification of an Alaskan tephra in the Greenland ice sheet (Pearce et 
al. 2004).  These results were reinforced two years later by trace element data (Denton and 
Pearce 2006).  The latter study actually identified the rhyolitic and andesitic components of the 
Aniakchak eruption in the GRIP tephra sample.  This microprobe and ion probe data of glass 
shards from the GRIP ice core provide external correlation for the radiocarbon dating of the 
eruption.  Identifying Aniakchak tephra in the Greenland ice cores provides the unusual 
opportunities of having 1) an almost exact calendrical date for the eruption, and 2) having a 
known acid signature quantity in the Greenland ice core with which to compare against other ice 
core eruptive signatures.      
Size of Mid-Holocene Aniakchak Eruption 
The 3400 rcy B.P. eruption was an explosive eruption, with different eruptive products 
deposited during different parts of the eruptive cycle.  During the first stage of the eruption, 
rhyodacite materials (~70 wt. %SiO2) were erupted in a Plinian eruption of fall and flow 
deposits.  As the eruption progressed the column collapsed, and a mixed pyroclastic flow of 
rhyodacite and andesite was deposited.  After deflation of the magma chamber the caldera 
collapsed, and an andesite pyroclastic flow (~60 wt. % SiO2) was deposited (Dreher et al. 2005).  
The 3400 rcy B.P. eruption caused the formation of a caldera 10 km in diameter.  The caldera 
currently varies from 300 to over 1300 m in depth, but was deeper before post-caldera lavas 
filled it in (Scott Dreher, personal communication 2000). The eruption was one of the largest 
Holocene eruptions on the Alaska Peninsula, and one of the several dozen largest known 
Holocene eruptions (Begét et al. 1992; Miller and Smith 1987; Simkin et al. 1981).  ANIA II is 
believed to have generated ≥69 km3 of eruptive material (Dreher 2002), making it twice the size 
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of the 1912 Katmai eruption, and at least 50 times larger than the 1980 eruption of Mt. St. Helens 
(Miller and Smith 1987; Miller et al, 1998).  Dreher‘s volumetric estimate for the eruptive 
components include <1 km
3 
of early tephra fall, 42 km
3 
of flow deposits, 23 km
3 
of air fall tephra, 
and 4 km
3 
of erupted lithic material (Dreher 2002:7, 26, 28).  His estimate for the size of the 
ANIA II distal tephra fall is generated by a formula (derived from field data in Rose and Chesner 
1987; Sigurdsson and Carey 1989; Sparks and Walker 1977), not by on-the-ground 
measurements for the isopach.  Dreher notes that these figures should be considered a 
conservative estimate of eruption size (2002:28).   
Volcanologists have compared the size of calderas from eruptions of known size to the 
sizes of other calderas as part of their analysis to develop models for generalized amounts of 
eruptive material (Blong 1982: 61, Table 13).  The 6800 rcy B.P. eruption of Mount Mazama left 
a caldera nearly identical in size (81.5 km²: Williams 1941) to the Aniakchak caldera (78 km²), 
suggesting that the magma chambers underneath the two were similar in size, with similar 
eruptive volume.  It has been thought that Mount Mazama ejected nearly 150 km³ of pyroclastic 
material (Bacon 1983:106-107), double the amount theorized for the ANIA II eruption.  Recent 
research has considerably increased the known amount ejected from the Mazama eruption, tying 
the eruption to a vast tephra blanket deposited over the Willamette valley (James and Baitis 
2003: see Chapters 4 and 6), making the size of the Mazama eruption considerably more than 
150 km³.  Thus, the similarity in size of calderas and magma chambers suggests that the actual 
ejecta volume of ANIA II may have been considerably greater than that predicted by Dreher‘s 
formula.     
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Scope of Mid-Holocene Aniakchak Eruption 
Surge and Flow Effects 
The Aniakchak pyroclastic materials erupted from the volcano at temperatures between 
890º C and 1100º C (Dreher 2002:39, 80).  Even at considerable distances from the vent the 
pyroclastic flows may have maintained temperatures of 500ºC to 650ºC (Freundt et al. 
2000:590).   Approximately 42 km
3
 of volcanic ash and rock, suspended in hot gasses, flowed 
across the landscape, covering an area of at least 2500 km
2
 (Dreher 2002; Miller and Smith 
1977).  Valleys close to the mountain were covered with over 75m of ash flow, with flow 
deposits found at least 80 km away.  Valleys just west of the Aleutian Range were probably 
filled to depths of 100 m or more.  Ash flow exposures have been found along >45 km of the 
Bering Sea coast north and west of the caldera, with sea cliff flow deposits ≥ 15m thick and up to 
60 km from the caldera.  Ash flows swept down deep valleys south and east of the volcano and 
across the Meshik River Valley, an eight-kilometer wide lowland less than 35 m amsl, bounded 
on the south and east by the Aleutian Range.  The ash flows swept up the narrow valleys of the 
Aleutian Range, through passes as high as 260 m, and down to the Pacific Ocean, where 
exposures as much as 10 m thick occur along Kujulik Bay (Miller and Smith 1977, 1987; 
Waythomas and Neal 1998).   
A tsunami generated by the pyroclastic flow on the northwestern side of the volcano 
inundated 50 km of the upper Bristol Bay shore (Lea 1989a).  The tsunami swept over coastal 
bluffs and inundated adjacent lowlands, ripping up chunks of peat and leaving a 1 to 20 cm thick 
layer of pumiceous sand up to 15 m above high tide line (Lea 1989a; Waythomas and Neal 
1998).   
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A large percentage of the pyroclastic flow from the 3400 rcy B.P. eruption went to the 
west and northwest (Figure 8.3).  This may have been because of topographic relief on the upper 
ancient Aniakchak Volcano channeled it to the west and northwest, and these landforms later 
disappeared in the caldera collapse.  It is possible that a slope failure similar to the Mount St. 
Helens 1980 eruption took place, causing a directed blast in this direction.  This is less likely, as 
no evidence of this has been published in the geologic literature.  It is possible that the same 
wind from the south that pushed the ash fall north-northwest also pushed the pyroclastic flow in 
that direction, particularly that component of the pyroclastic flow that came from the collapse of 
the (Plinian) eruption column.  Most probably it was a combination of topographic channeling 
and wind effects that caused pyroclastic flow movement in these directions.   
Only one possible pyroclastic surge deposit has been identified in relation to the 
Aniakchak caldera forming eruption.  This is a 1.5 m thick deposit found 26 km south of the 
caldera (Dreher 2002:19).  It can be expected that a major eruption like the Aniakchak caldera-
forming eruption would have had low density, hot gas surges that traveled out beyond what is 
known for the flow deposits.  This is particularly true on relatively flat terrain like the Bristol 
Bay plain, where topographic relief is low and there is little to impede surge effects. Since 
pyroclastic flow direction was greater to the west and northwest, we can expect surge effects, 
particularly from ash cloud surge, to have been greater in a northerly direction.  It is very 
possible that pyroclastic surges from the Aniakchak eruption, which was over twice the size of 
the Krakatau eruption, may have reached the Ugashik Lakes, 100 km away (Robert McGimsey, 
personal communication 2000), though it is considered unlikely that a surge could have traveled 
240 km north of the caldera to the Nushagak Peninsula (Waythomas and Neal 1998).  
Archaeological evidence suggests that sites at the narrows between the two Ugashik Lakes (120 
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km away) were populated at the time of the eruption, but these occupations appear to end at the 
time of the eruption (Henn 1978:12, Table 2)
15
.  A surge at that distance from the caldera may 
have had little blast wave effect, but may have still been deadly.  
Ash Fall 
At least 23 km
3
 of material was injected into the stratosphere as ash from the Aniakchak 
caldera-forming eruption (Dreher 2002:28).  The Aniakchak 3,400 rcy B.P. tephra is one of three 
Holocene tephras found across western Alaska, but is by far the thickest.  Lake cores in 
Southwest Alaska show that it is the thickest tephra deposit of the last 30,000 years (Kaufman et 
al. 2003).  Ash deposits from this eruption are found more than 1100 km away on the northern 
Seward Peninsula (Begét et al. 1992; Riehle et al. 1987).  Tephra exposures from the eruption are 
found at least 20 cm thick in sea cliffs 28 km northwest of the caldera (Dreher 2002:18).  Ash 3, 
from archaeological sites at the Ugashik Narrows (Henn 1978) approximately 120 north-
northeast of the caldera, appears to correlate with the 3,400 rcy B.P. eruption (James Riehle, 
personal communication 2003; Dumond 2004).  Ash F, found 3 cm thick in profiles from the 
Brooks River Archaeological District, also appears to correlate with the Aniakchak caldera-
forming eruption (Riehle et al. 2000), though chronologically it is over 400 radiocarbon years too 
young to be from that eruption (Dumond 1979, 2004).     
No tephra isopach map (where tephra thicknesses are given on concentric lines) has yet 
been made for the Aniakchak 3,400 rcy B.P. ash fall.  This is due in large part to the dearth of 
geologic and paleoenvironmental research conducted in western Alaska covered by the ash fall, 
as well as the vastness of the region and consequent difficulty and expense of travel. (Very few 
roads are present in western Alaska, and none connect to the road system in south-central Alaska 
                                                 
15
 A possible correlation between the Aniakchak 3400 rcy B.P. eruption and the end of the ASTt occupation at 
Ugashik is noted by Bland (1995). 
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and the continental U.S.  Most travel is by aircraft, or in some regions, watercraft.)  Two studies 
have been published which analyzed Aniakchak tephra data from sampling locations in western 
Alaska.  One 16-year-old study shows a relatively narrow tephra plume that trends just west of 
north, reaching the northern side of the Seward Peninsula (Begét et al. 1992: Figure 1), but gives 
no sample thicknesses.  The other study, published 21 years ago, gives tephra thicknesses of 
sample locations (Riehle et al. 1987: Figure 1), but makes no attempt to give an isopach map or 
an estimate of the area covered by tephra plume.  Thicknesses of tephra deposits given by Riehle 
et al. (1987: Figure 1) range from 0 to 30 cm, but all these samples may be from lake cores (two 
are stated as such), which collect tephra from the surrounding catchment basin and, depending 
upon stream inlet and lake bottom morphology, may over-represent depth of ash fall.  The ash 
thicknesses given by Riehle et al. (1987) are substantial enough that they suggest Begét‘s tephra 
plume substantially under-represents the area impacted by the Aniakchak tephra.  Other 
researchers in the field believe the Aniakchak tephra covered a much wider plume than 
represented in Begét et al. (1992) (Tina Neal, personal communication 2007, Christopher 
Waythomas, personal communication 2000).   
Several additional pieces of data support a larger isopach than represented in Begét et al. 
(1992).  One of these is from recent work in the Ahklun Mountains in western Alaska.  Lake 
cores at Cascade Lake and a nearby terrestrial test pit both produced deposits of Aniakchak 
tephra approximately 15 cm thick (Kathan 2006: 34).  Tephra deposits 15 cm thick 360 km from 
the volcano would suggest a much broader and more voluminous tephra fall than formerly 
thought.  This belief is also supported by the report of a probable Aniakchak tephra deposit on 
St. Lawrence Island in the northern Bering Sea, over 100 km west of the western edge of the 
plume illustrated by Begét (Patricia Heizer, personal communication 2005, 2007).  The fact that 
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tephra from the Aniakchak 3,400 rcy B.P./1,645±4 B.C. eruption has been found in the 
Greenland ice cores (Denton and Pearce 2006; Pearce et al. 2004) shows the hemispheric scope 
of the eruption. 
Season of 3400 rcy B.P. Aniakchak Eruption 
Researchers studying the effects of the Mount St. Helens eruption have noted that 
eruptions that take place during the warm season have a greater effect on regional biota than 
eruptions that take place during the winter, when plants and small animals are protected by snow 
(del Moral and Bliss 1993:36).  United States Geological Survey and NPS researchers have 
reported multiple lines of evidence that, when taken together, suggest a warm season eruption for 
the 3400 B.P. Aniakchak event.  The first of these include a pattern of tephra fallout to the north-
northwest (Beget et al. 1992; Riehle et al. 1987), indicating a wind from the south-southeast, 
which is more common in the region between May and September (Lea 1989b:227, Figure 5.3).  
Additional support for a warm season eruption is the fact that rip-up peat clasts were found 
entrained in the lower levels of the 3400 B.P. pyroclastic flow (Dilley 2000), suggesting flow 
over unfrozen ground.  Third, a tsunami was generated by the pyroclastic flow striking Bristol 
Bay (Waythomas and Neal 1998), suggesting the flow encountered an unfrozen bay.  Fourth, the 
tsunami deposits on the northern Bristol Bay coast also contained rip-up peat clasts (Waythomas 
and Neal 1998: 112), which would only have happened if the tsunami swept across the northern 
coast when the ground was unfrozen. 
Black Peak 
 Black Peak is a stratovolcano located midway between Veniaminof Volcano and 
Aniakchak Volcano on the central Alaska Peninsula, at 56º 33′ 4″ N, longitude 158º 47′ 13″ W.  
The caldera is located 25 km northwest of the Pacific Ocean, and 30 km southeast of Bristol Bay.  
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The caldera is approximately 3.5 km in diameter, with the highest point on the caldera rim at 
1032 m amsl.  The floor of the current caldera is ice-free, and consists of several lakes and 
approximately a dozen overlapping lava domes (Adleman et al. 2004). 
Age, Size, and Scope of Effects of Mid-Holocene Black Peak Eruption 
 Constraining radiocarbon dates put the age of the mid-Holocene caldera-forming eruption 
of Black Peak between 3660 and 4700 rcy B.P. (Miller and Smith 1987).  More recent work has 
refined the date to approximately 4,600 rcy B.P.  Many of the lava domes in the caldera date to 
approximately 500 rcy B.P. (Adleman 2005:48, Figure 9). The 4,600 rcy B.P. eruption of Black 
Peak is believed to have generated >10 km³ (Miller and Smith 1987) and <20 km³ (Adleman et 
al. 2004) of pyroclastic material. 
 The 4,600 rcy B.P. eruption of Black Peak had both sizeable pyroclastic flow and air fall 
components.  Valley-filling pyroclastic flows up to 100 m thick are exposed in drainages on the 
east and west side of the caldera (Adleman et al. 2004; Miller and Smith 1987), extending at 
least 10 km from the caldera (Wood and Kienle 1990:58).  While most of the pyroclastic flows 
have revegetated, some sections have been eroded by wind and water enough to either keep them 
unvegetated, or strip the vegetation and weathered soil from their surface (Figure 5.1).  The 
4,600 rcy B.P. air fall is regionally extensive, with its distinct salt-and-pepper tephra traceable 
both on the Veniaminof caldera (Miller et al. 2002) and in the Aniakchak region.      
Veniaminof 
 Veniaminof is a stratovolcano with a summit caldera located on the lower reaches of the 
central Alaska Peninsula, at latitude 56º 11′ 41″ N, longitude 159º 23′ 24″ W.  Veniaminof is a 
broad conical mountain, 40 km wide at the base, occupying much of the width of the Alaska 
Peninsula.  The Veniaminof caldera is 8 x 11 km in diameter, with the highest point on the 
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caldera rim at 2705 m amsl.  Ice fields fill the caldera and cover 220 km² of the south flank, with 
alpine glaciers on the northeast and west sides.  Two intra-caldera cones exist, one a small active 
cone that projects more than 300 meters above the ice field, and another with a caldera as much 
as 2.5 km in diameter that lies beneath the ice.  Veniaminof is one of the largest and most active 
of the Aleutian Arc volcanoes, having erupted at least 12 times in the last 200 years (Bacon et al. 
2003; Miller et al 1998; Miller at al. 2002). 
Age, Size, and Scope of Effects of Mid-Holocene Veniaminof Eruptions 
Veniaminof experienced at least one major late Pleistocene eruption and several major 
Holocene eruptions.  One caldera-forming eruption appears to have taken place around 28,000 
B.P.  Two massive Holocene eruptions have been identified through their extensive pyroclastic 
flow deposits.  The older of the Holocene eruptions, probably dating to approximately 8,500 
years ago, lies under the distinctive 4,600 rcy B.P. tephra from nearby Black Peak.  The modern 
caldera originated from an eruption approximately 3,700 rcy B.P, producing the younger 
pyroclastic flow.  This was followed about 1000 years ago by an explosive eruption producing a 
dacite pumice tephra fall (Bacon et al. 2003; Miller et al. 2002; Kristy Wallace, personal 
communication 2004).  
 Large terrain-altering eruptions that follow other large volcanic eruptions often erode or 
obscure earlier deposits, making it difficult to gage their extent.  This has been true for 
researchers on Veniaminof, making it difficult to determine the volume and area of effect of the 
earlier pyroclastic flow deposits.   The two Holocene flow deposits are found up to 30 m thick 
close to the caldera (Miller et al. 2002), showing that both eruptions were massive.  The 3,700 
rcy B.P. eruption is believed to have been greater than 50 k³ in size (Miller and Smith 1987).      
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The 3,700 rcy B.P. eruption of Veniaminof generated extensive pyroclastic flows and 
lahars.  Pyroclastic flows extended westward 50 km from the caldera to the Bering Sea coast; on 
the eastern side ash flows entered bays and estuaries of the Pacific Ocean (Miller and Smith 
1987; Miller et al. 1998:31; Miller et al. 2002).  Andesitic and dacitic ash flow tuffs occur in 
many of the valleys north of the volcano, with pyroclastic flow and air fall deposits found over 
25 km northwest of the caldera (Detterman et al. 1981; Miller et al. 1998:31).  Andesitic flow 
deposits (~57% SiO2) from the caldera-forming eruption are incipiently welded, showing high 
temperature emplacement (Miller et al. 2002).  The 3,700 rcy B.P. pyroclastic flows melted the 
snow field and glaciers present at the time, causing tremendously massive lahars in all valleys 
descending from the caldera, filling them with boulder-rich volcaniclastic debris.  Lahars in the 
Muddy River and Sandy River valleys on the northwest flank of the volcano extend 45 km from 
the terminus of Cone Glacier to the Bering Sea, and cover an area of approximately 800 km² 
(Waythomas and Miller 2002).   Lahars on the east and southeast side of the caldera filled 
valleys and heavily impacted Mitrofania and Stepovak bays on the Pacific coast.   
No particular tephra has yet been associated with the caldera forming eruption.  It is 
possible that the ash plume may have been directed largely over water, particularly to the east, 
leaving few intact terrestrial deposits to study. 
Summary 
 The two most striking points about the fourth millennium B.P. volcanism on the central 
Alaska Peninsula are 1) the very large size of the Aniakchak and Veniaminof eruptions and 2) 
the vast area of the regions impacted by these eruptions.  The Veniaminof eruption was twice the 
size of the 1912 Katmai eruption, the largest volcanic eruption in the twentieth century, and the 
Aniakchak eruption was substantially more than twice the size of the Katmai eruption.  Each of 
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these fourth millennium eruptions was much larger than any other high latitude explosive 
eruption that has taken place in recorded history.  More significantly, the Aniakchak and 
Veniaminof eruptions each catastrophically impacted vast adjoining stretches of the central 
Alaska Peninsula (Figure 8.4).  Unlike the Katmai eruption, whose eruptive vent (Novarupta) 
was located in a basin at the head of a long deep valley, the Veniaminof and Aniakchak vents 
were located at the top of high volcanoes in the center of the Alaska Peninsula.  Instead of 
channeling pyroclastic flows and surges into a single valley, the larger fourth millennium 
eruptions spread their effects across the Alaska Peninsula from the Bering Sea to the Pacific 
Ocean, affecting hundreds of thousands of square kilometers of landscape with superheated 
pyroclastic flows and surges, destructive mudflows, and massive tephra falls.  Each had 
pyroclastic flows that reached the ocean and sea on each side.   
The Aniakchak eruption covered the peninsula with at least 2500 km² of pyroclastic 
flows, an area equal to a square 50 km by 50 km in size.  The pyroclastic flows impacted a larger 
area on the Bering Sea side of the peninsula, in part because the eruptive material may have 
flowed more to the west and northwest, and also because the Alaska Range helped shield parts of 
the Pacific coast from the pyroclastic flows.  The tephra fall from the Aniakchak eruption also 
impacted the region, with its greatest effect to the north of the caldera on the western side of the 
Alaska Peninsula and across a vast stretch of western Alaska.    
The Veniaminof eruption also impacted the region with large pyroclastic flows.  But 
because Veniaminof is such a high volcano and largely covered with glaciers and snowfields, 
one of the main effects of the pyroclastic flows was to melt the many cubic kilometers of glacial 
ice and snow that mantled the caldera and mountainsides, sending massive valley-filling lahars to 
the lowlands and coasts on each side.  Many hundreds of square kilometers of landscape were 
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covered by lahars, with massive pulses of sediment being injected to the Bering Sea and Pacific 
Ocean.    
The Black Peak eruption was smaller and substantially earlier than the Veniaminof and 
Aniakchak eruptions.  Even so, the pyroclastic flow from the Black Peak eruption covered a 
sizeable area, and was probably still in the process of revegetating when the Veniaminof and 
Aniakchak eruptions took place.  
 Singly, the Aniakchak, Black Peak, and Veniaminof eruptions impacted very large 
stretches of the Alaska Peninsula.  Combined, the three adjacent volcanoes left a section of the 
peninsula approximately 200 km long covered with pyroclastic flows, lahars and thick tephra 
deposits, destroying the vegetation and resetting the soil clock and vegetation to zero for most of 
the region.  If one factors in the high latitude (with its high percentage of the year below freezing 
and consequent slow soil weathering) and high wind regimen (stripping off vegetation and 
topsoil), we then have a vast regional patchwork that can be expected to recover very slowly 
ecologically.  How plant, animal, and human populations in southwest Alaska may have been 
affected by the fourth millennium volcanism will be addressed in the next chapter. 
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CHAPTER 9) ECOLOGICAL AND CULTURAL EFFECTS OF HOLOCENE 
VOLCANISM 
 The data presented in this chapter shows the ecological effects of the fourth millennium 
B.P. volcanism in Alaska, and their associated cultural effects.  The chapter begins with a 
comparison between the Aniakchak 3400 rcy B.P. eruption and the Mazama, Mount St. Helens, 
Ksudach and Katmai eruptions.  It introduces pollen and soil data collected on the Alaska 
Peninsula in 2001 that examine weathering rates in volcanic soils and the pollen record of the 
Aniakchak coast.  It discusses the ecological recovery of proximal and distal landscapes affected 
by the fourth millennium B.P. Alaska Peninsula volcanism.  It then examines the initial and long-
term effects of the fourth millennium B.P. volcanism on populations throughout Alaska.  It ends 
with a summary of topics covered in the chapter. 
 Chapter 6 discussed ecological and geological variables for four other volcanic eruptions: 
the 7700 B.P. Mount Mazama eruption, the 1980 Mount St. Helens eruption, the 1907 Ksudach 
Volcano eruption, and the 1912 Katmai eruption.  In this section we will briefly compare the 
ecological and cultural effects of these eruptions to the 3400 rcy B.P. Aniakchak eruption. 
Aniakchak and Mount Mazama 
 Mount Mazama is the only eruption examined in this group that was larger in size of 
material ejected (at ~147 km³) than Aniakchak  (>69 km³).  The Mazama pyroclastic flows 
totaled 25 km³, while Aniakchak was considerably larger (42 km³).  The Mazama ash fall was 
much larger (~122 km³) than its pyroclastic flow, much larger than the Aniakchak ash fall (>23 
km³)(Bacon 1983; Dreher 2002), and had a profound and long-term effect on the region it 
covered.  Proof of this is the fact that the thick Mazama ash fall has been designated its own 
biological province, and is vegetated almost completely by a single vegetation type 
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(conifers)(Oregon State University 2007).  The Mazama Biological Province in Oregon is made 
up of >20, 600 km² of ash fall deposits where the deposits are >20-25 cm in depth (Oregon State 
University 2007).  Evidence from revegetation studies elsewhere shows that this depth of tephra 
affects both tree health and understory populations.  Tephra depths between 20 cm and 70 cm 
eradicate understory species, and tephra depths over 70-100 cm kill all vegetation (Antos and 
Zoebel 2005; Grishin et al. 1996).  If  >20, 600 km² of Oregon was covered with >20-25 cm of 
ash from the Mazama eruption, then a sizeable area, possibly 1/10
th 
of this size (2,600 km²), 
would have been covered with either pyroclastic flows or more than 70-100 cm of tephra.  These 
two effects would have killed all vegetation and restarted the soil clock.  Thus it is probable that 
an area near Mount Mazama and near to the size of the Aniakchak pyroclastic flow (2,500 km²) 
was devegetated, and slowly revegetated over time, hindered by environmental considerations 
including low (summer) rainfall, high summer temperatures and a short growing season.  
Propagules necessary to start the recovery of vegetation would have came from refugia within 
the region, or from outside the region (Antos and Zoebel 2005; del Moral and Bliss 1993).  The 
revegetation process has been so delayed in heavily impacted areas near the mountain that 
devegetated areas still exist from this event 7,700 years ago (Horn 1968, 2002).   
 The cultural implications of the Mazama eruption would appear obvious.  In areas near 
the volcano where ash fall was heavy, populations would have left until the region recovered and 
the carrying capacity of plant and animal species returned to an utilizable level.  This is 
evidenced by archaeologically measurable occupational hiatuses in parts of southeastern Oregon 
(Bedwell and Cressman 1971).  In areas more distant from the volcano that were not as heavily 
impacted, as in southeastern Washington, occupational hiatuses are not archaeologically visible 
(Bense 1972; Brauner 1976:306).  Unfortunately, ―short-term‖ regional evacuations lasting a 
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human generation or two, given the margin of error in radiocarbon dating, are most likely 
invisible in the archaeological record. 
 The major geographical difference between Mazama and Aniakchak, besides that of 
latitude, is location on the landmass.  Aniakchak is in the center of a peninsula with a northern 
sea or ocean on each side.  Mazama is located on a continent 185 km east of an ocean, with most 
of the area impacted by the eruption to the east and northeast.  Movement by prehistoric 
populations into and out of ash-impacted areas would have been constrained more by the 
distance needed to travel and the territorial boundaries of other human populations than by 
natural boundaries.  Unconstrained movement into marginal areas to briefly utilize available 
resources would allow use of volcanically impacted regions centuries or millennia before they 
could have sustained more intensive use.  The Mazama eruption would have left a large non-
productive zone in central Oregon, making travel across its center an ordeal for millennia.  Even 
so, it was an obstacle that could be circumvented without moving to another mode of 
transportation (i.e., watercraft), as was necessary to circumvent the Aniakchak and Veniaminof 
dead zone. 
Aniakchak and Mount St. Helens 
There are several similarities between the Aniakchak 3400 rcy B.P. and the 1980 Mount 
St. Helens eruptions.  Both are subduction zone volcanoes, and are the most active volcano in 
their region (Neal et al. 2001:4; Swanson et al. 2005).  Both Aniakchak and Mount St. Helens are 
in the center of geomorphic and vegetational mosaics that reflect the effects of those multiple 
eruptions over time on the surrounding environments (Swanson et al. 2005:13; Yamaguchi 
1993). 
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There are obvious differences between Aniakchak and Mount St. Helens as well.  Mount 
St. Helens is at a substantially lower latitude (~46ºN) versus 56º 54‘N for Aniakchak.  The 
region of Washington State around Mount St. Helens is much more temperate than the central 
Alaska Peninsula, with higher potential solar exposure and longer warm seasons on the lower 
mountain, encouraging faster soil weathering and revegetation.  The Mount St. Helens eruption 
is dramatically smaller than the Aniakchak eruption, having ejected approximately 1/50
th
 the 
amount of eruptive materials (Dreher 2002; Sarna-Wojcicki et al. 1981).  The Mount St. Helens 
eruption seems larger than it actually was because of the lateral blast component, which sent 
much of the initial force of the eruption over the countryside to the north instead of vertically 
into the air.         
 Mount St. Helens has much to contribute, though, to our understanding of the recovery of 
volcanically impacted landscapes.  While the study area is more temperate and much smaller in 
size than Aniakchak, revegetation of the Mount St. Helens landscapes has been well studied and 
produced insight into the process applicable to all regions.  Pyroclastic flows are the products of 
explosive volcanism that most strongly impact environments, and vegetational recovery on their 
surfaces takes place very slowly.  Vegetational recovery does not progress step-wise from one 
vegetation stage to another, like previously thought, but often depends upon the chance 
establishment and survival of one species over another (del Moral and Bliss 1993).  Protection 
provided by snow pack can be crucial to the survival of low-growing plants.  Understory 
vegetation may be hard-hit by tephra burial, but many plants can grow through it and flourish 
within several years (Antos and Zoebel 2005).  Moss and lichen are the most sensitive plant 
species to tephra burial, with 4.5 cm of tephra eradicating moss from an area (Antos and Zoebel 
2005). These same principles would be true for the vegetational recovery of the regions impacted 
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by the Aniakchak eruption, with the caveat that recovery of the northern landscapes would have 
taken considerably longer.  
Aniakchak and Ksudach Volcano 
The Ksudach 1907 eruption is an interesting comparison to the Aniakchak 3400 rcy B.P. 
eruption.  Both are explosive eruptions located in northern latitudes (51º 45' N versus 56º 54‘), 
though the Aniakchak eruption was much larger.  The region impacted by the Ksudach eruption 
ranged between 200 m and 500 m amsl, while the Aniakchak eruption impacted elevations from 
tidewater to the tops of mountains in the vicinity of the eruption, and the lowlands and low 
mountains of western Alaska.  Both Aniakchak and Ksudach have northern maritime climates, 
though Kamchatka has a somewhat colder overall climate.  Regional vegetation on Ksudach 
includes tree species, while arboreal species are not present in the Aniakchak region (Grishin et 
al. 1996).   
Study of the Ksudach ash fall showed a number of vegetational trends that apply to the 
revegetation of Aniakchak.  After the Ksudach eruption, birches were negatively impacted by as 
little as 3 cm of tephra (Grishin et al. 1996).  This finding, compared to the relative lack of 
significant negative effect found on conifers from the Mount St. Helens and Katmai eruptions 
(Antos and Zoebel 2005; Griggs 1922), suggests that broadleaf trees and bushes may be 
impacted more by ash fall than are conifers.  This seems reasonable, comparing the broad surface 
area of a deciduous leaf compared to a conifer needle.  Moss and lichen were eradicated by 10 
cm of tephra, and the herb/dwarf shrub layer by 30 cm.  Seventy centimeters or more of tephra 
largely eliminated the birch forest, and 100 cm left nothing alive.  Large areas of land covered by 
>100 cm of tephra had yet to revegetate 87 years after the eruption.  Early colonizers of the thick 
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tephra deposits, in this case lichen, established dense mats in some higher elevations that kept 
out other colonizers (Grishin et al. 1996).   
Aniakchak and Katmai/Novarupta 
 The 1912 Katmai eruption is the eruption that most people think of when considering the 
effects of a northern eruption.  It was the largest eruption of the twentieth century in terms of 
volume of ejected material, and took place in Alaska, so would seem to be a good example for 
what effects to expect for a high latitude eruption.  In some respects the Katmai/Novarupta 
eruption is similar to the Aniakchak 3400 rcy B.P. eruption.  Both eruptions took place at similar 
latitudes (58º 15‘ versus 56º 54‘), in similar environments, are similar types of eruptions 
(explosive eruptions, with pyroclastic flow and ash fall components), with similar eruptive 
products (a mix of rhyolite, dacite and andesite)(Dreher 2002; Hildreth 1983).  Because of these 
similarities, the Valley of Ten Thousand Smokes pyroclastic flow is a good geologic analog for 
the pyroclastic flow erupted by the Aniakchak eruption.  Consequently, the revegetation rate of 
the Novarupta ash flow is a reasonable analog for the possible rate of revegetation for the 
Aniakchak 3400 rcy B.P. pyroclastic flow.  The Novarupta ash flow has the additional advantage 
of having taken place long enough ago to give an example of what the revegetation of a regional 
ash flow would look like after nearly 100 years.  (It is also reasonably accessible, requiring only 
two airplane flights from Anchorage: one to King Salmon, and another from there to land on the 
ash flow itself.) 
 In other respects the Katmai eruption is a poor analog for the Aniakchak 3400 rcy B.P. 
eruption, and leads people to under-represent the effects of the Aniakchak eruption.  The 
Aniakchak eruption was between two and three times the size of the Katmai eruption, and had a 
much greater effect on the proximal landscape.  The Aniakchak pyroclastic flows erupted from a 
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vent atop a mountain, while the Novarupta vent erupted from a vent at the head of a long, deep 
valley.  The 42 km³ of sterilizing pyroclastic flow deposits from the Aniakchak eruption (Dreher 
2002) covered 2,500 km² of the Alaska Peninsula from one side to the other (Miller and Smith 
1977), while the 11 km³ of ash flow from the Katmai eruption covered approximately 120 km² of 
a single valley (Hildreth 1983).   
 The effects of the ash falls from the two eruptions were also considerably different. 
While the two eruptions may have had similar sized ash falls (>23 km³ estimated for Aniakchak, 
though it may have been considerably more than this (Dreher 2002), and >20 km³ for Katmai) 
(Hildreth 1983), the environments that each impacted were considerably different.  The Katmai 
ash fall trended east over Shelikof Strait, Kodiak Island, and the North Pacific.  The terrestrial 
environments impacted by the ash fall, the Katmai coast and Kodiak Island, are in a relatively 
temperate maritime climate where wind, rain and above-freezing temperatures most of the year 
caused rapid erosion and weathering of the ash.  Most of the Katmai ash fell on the Pacific 
Ocean, where its effects were apparently of little consequence.  The Aniakchak eruption 
deposited ash over a thousand kilometers of western Alaska, impacting the vegetation, fish and 
wildlife across the vast region.  While much of the land covered by the Aniakchak eruption is 
adjacent to the Bering Sea, this coast and the adjacent region are much more continental in 
nature with longer, colder winters and less rainfall than the Pacific coast, so tephra can be 
expected to stay in place longer and weather more slowly.    
 The Katmai eruption also differed from the Aniakchak eruption in the amount of sulfur 
ejected.  The Greenland Ice Core data show that there was at least 7 times more sulfur in the 
Aniakchak eruption than was ejected in the Katmai eruption (Clausen et al. 1997).  This gives the 
Aniakchak eruption a much greater potential impact on climatic cooling, injecting a much higher 
221 
sulfur load into the stratosphere.  It also suggests that the Aniakchak ash had considerably higher 
sulfur content than the Katmai ash, with a concurrent greater effect on sulfur-sensitive species 
including caribou and lichen.  Since the Katmai ash fall did not have high sulfur or fall on a 
northern terrestrial environment, we have not been able to compare and appreciate these effects 
on the regional biota.  
 A comparison of the Aniakchak 3400 rcy B.P. eruption and the Mazama, Mount St. 
Helens, Ksudach and Katmai eruptions contributes considerably to our understanding of the 
probable ecological and cultural effects of the Aniakchak eruption.  Mount St. Helens 
demonstrates the process for recovery of ash-impacted landscapes, showing that as little as 4.5 
cm of ash can eradicate species like lichen from a region.  The revegetation process for Ksudach 
Volcano, like Mount St. Helens studies, shows that all tephra depths have some impact on 
vegetation, with 70-100 cm of tephra eradicating vegetation from an area.  A comparison 
between the Aniakchak and Katmai eruptions shows that while the Katmai pyroclastic flow may 
be a good analog for the length of time northern pyroclastic flows take to revegetate, other 
effects of the eruption under-represent the effects a very large volcanic eruption has on a 
northern terrestrial environment.  The Mazama eruption shows how vast an area a terrestrial 
volcanic eruption can impact, and how long (>7,700 years) a harsh terrestrial environment may 
take to revegetate.   
Geologic Studies from the NPS Aniakchak Archaeological Survey 
One of the research goals of the NPS Aniakchak Archaeological Survey Project was to 
understand the effects of regional volcanism on the Aniakchak landscape.  Volcanic ash flows 
and ash falls have shaped the Alaska Peninsula landscape, and had to be taken into account when 
developing survey strategies for where and how to look for past human occupations.  Distinct 
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layers of tephra were often encountered as strata both capping and underlying archaeological 
horizons.  It was evident that the volcanic horizons were significant regional events in relation to 
human occupations, as well as having utility as stratigraphic markers.   
Several upper tephra horizons in the Aniakchak region were thin layers of dark glass, 
though light-colored, pumice-rich horizons were encountered as well.  Underlying levels 
included multiple thick volcanic horizons.  One of these, an iron-stained pumice horizon, was 
thought in 1997 because of its thickness and coarse particle size to be the 3500 B.P. pyroclastic 
flow associated with the caldera-forming eruption.  A radiocarbon date on peat from under this 
unit came back at 8500 B.P, at odds with the 3400 rcy B.P. date of the pyroclastic flow.  
Examination of this unit at geologic sections coupled with microprobe analysis showed it to be a 
massive air fall from an earlier Aniakchak eruption (Jim Riehle, Personal communication 1998), 
probably the earlier ANIA I caldera-forming eruption (Miller and Smith 1987).  
Port Heiden Geologic Exposure 
 In 2000 Thomas Dilley and I visited the Bering Sea bluffs north of Port Heiden by the 
outlet of Reindeer Creek (locally called North River), approximately 28 km west of the caldera.  
The almost vertical 7 m high bluffs are composed almost entirely of Aniakchak II pyroclastic 
flow deposits, with a 0.5 m cap of aeolian sediments (Figure 9.1).  The catastrophic nature of the 
3400 rcy B.P. event is evident in the massive deposits.  The flow deposits consist of multiple 
units, with the mixed andesite-dacite deposit above the underlying dacite deposit (Dreher 
2002:15, Figure 4).  We observed clasts of peat in the lower flow deposit, ripped up by the flow 
as it raced across the Bering Sea plain. 
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Drumlin Creek Exposure 
 Two geologic exposures discovered by NPS researchers in 1999 greatly furthered the 
understanding of volcanic horizons on the Aniakchak coast.  One of these was the Drumlin 
Creek exposure, located at the mouth of a small stream 3.7 km east of the Columbia River 
Packers Association (CRPA) cabin.  The exposure is a 90m long oblique stream cut through a 
berm system (Figure 9.2).  The exposure offers an expanded late Holocene record of the area.  
The lower sections of the exposure show inter-bedded beach gravels and tephras.  A log on the 
uppermost beach underneath an air-fall tephra and the 3400 rcy B.P. Aniakchak II pyroclastic 
flow deposit returned a limiting date of somewhat less than 3900 B.P.  The Aniakchak II flow 
deposits are well preserved in this location, and show the distribution in grain size and the 
consolidated nature of the deposits.  Horizons above the Aniakchak II flow deposits reflect the 
active nature of the later beach, with beach sands interspersed with beds of pumice fragments up 
to 5 cm in diameter.  This exposure gives a picture of the depositional environment at tide line 
both before and after the 3400 rcy B.P. event.  Volcanic ashes and the later pyroclastic flow are 
interspersed with beach gravels and sands, showing the dynamic nature of the intertidal 
environment during this period.  
Cabin Bluff Exposure 
The most important geologic exposure found during the NPS Aniakchak project was 
Cabin Bluff, a bluff-top exposure 0.6 km northeast of the CRPA Cabin in Aniakchak Bay.  This 
exposure was discovered by geologist Thomas Dilley in 1999, and received considerable study 
and sampling that year.  The section is located in an amphitheater-shaped erosional feature atop 
the 35 m bluff overlooking Aniakchak Bay (Figure 9.3).  This section shows an extensive late 
Quaternary record of environmental events, including 3.5 m of Holocene sediment deposition 
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(Figures 9.4, 9.5).  Basal materials exposed in the section are glacial till, capped by almost a 
meter of inter-bedded peats and tephras.  Both the glacial till and a gray sediment horizon (NPS 
sample ANI 99-N) above the lowest peat were examined for marine microfossils, to determine if 
the terrace top may have been depressed by glacial processes to below sea level.  No evidence of 
marine organisms was found (Elisabeth Brouwers, personal communication, 2000).  More recent 
analysis suggests the gray sediment horizon may be a tephra (Nelson, 2004:14).  Peat formation 
above the glacial till continues, interspersed with intermittent tephra falls, until terminated by a 
massive tephra fall (Aniakchak I).  The top 10 cm of the peat horizon directly under the 
Aniakchak I tephra, (from a sample taken in Feature 17 at the CRPA Cabin), returned a date of 
about 8600 B.P.  A peat sample taken from several centimeters under the massive tephra, also 
from Feature 17, dates to approximately 8200 B.P.   The tephra horizon capping the peat is 
almost a half-meter thick, iron-stained, and composed largely of coarse, sharp-edged pumice 
with few fines.  This tephra, thought originally to be a pyroclastic flow, is believed to be the 
earlier ~8,200 B.P. Aniakchak I caldera-forming event (VanderHoek and Myron 2004: 153, 
Figure 7-8) postulated by Miller and Smith (1987).  The lack of rounding of the pumice, lack of 
fines, and incipient bedding of the deposit shows the material is air-fall tephra.  This pumice-rich 
tephra horizon acts as the near-surface aquifer in the area, with several springs, streams and 
seeps originating from this stratum.  The Aniakchak I deposit is capped by reworked materials, 
and then topped by other tephra falls.  These are capped by the 3400 rcy B.P. Aniakchak II 
pyroclastic flow deposit.  This exposure was instrumental in delineating the general sequence of 
tephras found between the Aniakchak I and II events, as well as providing limiting dates for 
deglaciation and a better understanding of the Aniakchak I tephra.   
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The Port Heiden, Drumlin Creek, and Cabin Bluff exposures show the extensive and 
massive nature of the 3400 rcy B.P. pyroclastic flow, and how its deposition shaped the 
landscape of the region.  Over 45 km of the Bering Sea coast are biologically unproductive sandy 
beaches, backed by sea cliffs of eroding pyroclastic flow.  The Cabin Bluff profile shows how 
thick tephras have frequently fallen across the region, impacting low-growing vegetation and 
making the region undesirable for human habitation. 
Aniakchak Pollen Data from 2001 
 The postglacial vegetation of the Alaska Peninsula and Aleutian Islands has been subject 
to volcanic effects since its initial establishment. The Aniakchak volcanic eruption at 3400 rcy 
B.P. must have had dramatic ecological effects.  The eruption was a mix of voluminous ash falls 
and a far-reaching pyroclastic flow.  These two, and especially the superheated pyroclastic flow, 
would have had a profound effect on the landscape.   
 To show that the Aniakchak flora had been severely affected by the 3400 rcy B.P. 
eruption it was evident that close-interval pollen analysis of the sediments capping the 3400 rcy 
B.P. pyroclastic flow was needed.  I discovered that Dr. Robert Nelson, a geologist and 
palonologist from Colby College, was interested in returning to Alaska and continuing research 
here.  I contacted him and was able to interest him in collecting samples from geologic profiles 
in the Aniakchak region that would address the question of revegetation after very large volcanic 
events.  In August of 2001 Bob and I traveled to both the Pacific and Bering Sea coasts of the 
Aniakchak Region and to the Valley of Ten Thousand Smokes in Katmai National Monument 
and Preserve.  Bob took pollen samples from post-eruption sediments above the pyroclastic flow 
at the mouth of Reindeer Creek, north of Port Heiden on the Bering Sea side, and a series of 
samples from Holocene sediments in Aniakchak Bay on the Pacific coast.  Results from the 
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samples collected near Reindeer Creek are not yet available.  The pollen samples collected on the 
Pacific coast of the Aniakchak National Monument and Preserve were taken from the Cabin 
Bluff geologic section at Aniakchak Bay, approximately 39 km southeast of the Aniakchak 
caldera (Figure 9.5). Bulk samples were collected throughout the section for microfossil analysis, 
and samples were collected from peats and paleosols for radiocarbon dating.  Preliminary results 
from the pollen analysis of the Cabin Bluff exposure were presented in posters (Nelson and 
VanderHoek 2002a; Nelson and VanderHoek 2002b).  More conclusive results were presented in 
a report to the National Park Service (Nelson 2004).  These three reports along with 
communications with the author are the sources for the Cabin Bluff pollen data presented below. 
Cabin Bluff Pollen Profile 
Bob Nelson and I arrived at the CRPA cabin near the mouth of the Aniakchak River on 
August 23, 2001.  Transportation to the Pacific coast was by Cessna 185 from Port Heiden, 
piloted by Sam Egli of Egli Air.  While at Aniakchak Bay we stayed at the NPS CRPA cabin.  
We departed on August 26.   
The Cabin Bluff geologic exposure is located 600 m east of the CRPA cabin, at the top of 
a 35 m high bluff that overlooks the beach.  A rivulet off the uplands at this location has eroded 
an amphitheater into the soft Quaternary sediments capping Cretaceous bedrock (Figure 9.3).  
After arriving at the Cabin Bluff exposure we shoveled eroded sediments off the section last 
visited in 1999, cleaning soil strata approximately 2.5 m wide by 4 m high (Figure 9.4).  This 
exposed the many layers of late Pleistocene and Holocene sediments for photographs and 
sampling.  Bob took samples throughout the section for pollen, microfossils, and radiocarbon 
dating.  Close order sampling (1-2 cm) was taken in sediments immediately below and above 
volcanic units.  Pollen samples were taken at sampling intervals of at least every 5 cm through 
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most of the >370 cm soil profile.  Exceptions to this were the massive 8200 B.P. Aniakchak I air 
fall tephra and the 3400 rcy B.P./3600 B.P. Aniakchak II pyroclastic flow deposits, which were 
not sampled, and the 30 cm of profile directly below modern ground surface, which was sampled 
at 10 cm intervals.  Sediments below the Aniakchak I eruption and below and above the 
Aniakchak II eruption were closely sampled to produce a picture of the environment 
immediately before and after these eruptions.   
Pollen samples were taken from horizontal slices of freshly cleaned sediment.  Sediment 
samples 5 mm thick were immediately sealed in sterile plastic sample bags. 
In the lab 1-4 ml of each sample was taken for pollen analysis.  Two tablets of commercially 
prepared Lycopodium spores were added as tracers to allow subsequent calculation of pollen 
concentrations.  Pollen samples were processed by standard techniques, which included hot 10% 
KOH to remove organics, sieving, washing and decanting to remove fine mineral sand, boiling in 
HCL to remove carbonates, suspending in HF to dissolve silicates, and resuspending in a 
acetolysis solution to dissolve cellulose-based organic matter.  Cleaned samples were mounted 
on slides in silicone oil, with cover slips sealed with clear fingernail polish.  Counting of pollen 
was done at 400x magnification until at least 300 grains of vascular plant pollen were 
documented; all pollen grains beneath the cover slips were counted.   
Pollen Data 
 Pollen samples from the top 30 cm of glacial till and outwash show a relatively dry, 
slowly vegetating environment (Figure 9.6).  Sage (Artemisia sp.) dominates the till assemblage, 
accompanied by grasses (Poaceae), sedge (Cyperaceae), and umbelliferous plants (Apiaceae; 
cow parsnip, etc).  Sphagnum mosses and ferns become common in the upper till as well.  Small 
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amounts of birch (probably dwarf or shrub birch) and willow pollen are evident in upper till 
sediments.   
After deglaciation sage and sphagnum drop precipitously in importance.  Sedges spike, 
rapidly decline, and then recover.  Grasses, sedges and ferns are the dominant early Holocene 
species, with some birch, willow and heaths.   
Around 8500 rcy B.P. sampled volcanic ash is nearly devoid of pollen, suggesting a 
winter eruption.  After this time birch, willow, heath and grass increase and then decline.  Ferns, 
which had declined, increase steadily, while alder jumps from nominally present to >50% of the 
pollen sum.  Deposits are then capped by ~ 80 cm of the massive Aniakchak I tephra.  
Pollen samples chronicling the early revegetation of the Aniakchak I ash fall are lacking.  
The upper section of the Aniakchak I ash is highly contorted, and it was presumed in the field 
that revegetation on the deposit didn‘t resume until soil formation had started.  Pollen samples 
were resumed at an A horizon that was dated (by bulk soil sample) to 4140± rcy B.P.  Pollen 
samples from above the 4140±40 rcy B.P. horizon show an environment with considerable 
amounts of alder and ferns, and lesser amounts of grasses and birch.  Above this is a horizon 
populated only by tiny flecks of charcoal.  Above the charcoal horizon are two pollen samples 
with over 80 % grass pollen, and a small number of alder, sedges and ferns.  Other plant types 
including sphagnum, willow, aster, Apiaceae and other herbs are absent.  Seven pollen samples 
were taken 2 cm apart in an ash directly above this, but produced no pollen.  Above this is a 
section of soils and ashes that underlie the Aniakchak II pyroclastic flow. 
Pollen samples directly under the Aniakchak II flow show vegetation was grass-
dominated tundra with only secondary sedge and minimal shrubs (heaths, alder and birch) just 
before the eruption, presumably a result of the earlier ash fall.  Pollen concentrations in the 
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samples are in the range of 10
5
 grains/cm
3
.  Grass was again dominant immediately after the 
Aniakchak II eruption, but pollen concentrations in sediments were three to four orders of 
magnitude lower than in pre-eruption sediments.  Plant taxa that prefer disturbed habitats 
(especially sage and Asteraceae) also became relatively common, implying unstable substrates 
with discontinuous vegetation.  Low pollen accumulation rates suggest the Aniakchak landscape 
was discontinuously vegetated for a prolonged period of time after the 3400 rcy B.P. eruption, 
and the abraded nature of most pollen grains imply significant aeolian transport with sharp 
mineral matter, and again suggest the biologically inhospitable nature of the environment.   
Grasses decline over time after the Aniakchak II eruption, while alder gradually increase 
in abundance to the present.  Sedges increase in abundance but then begin to decline midway 
through the period.  Birch is relatively constant through the later period, and willow appears near 
modern times, but neither is nearly as abundant as during the early Holocene.  Fern spores are 
infrequent in the early post-eruptive period, but increase significantly at the top of the section.  
Microfossils collected through the Cabin Bluff section reflected environments similar to that 
indicated by the pollen data. 
Radiocarbon Data 
Samples from 2001 fieldwork were submitted to Beta Analytic for radiocarbon dating.  
Bulk samples were submitted instead of smaller individual organic fragments (twigs, etc.) 
because organic fragments were not always available where a date was required, and because 
standard radiocarbon dates that require bulk soil samples are much less costly than Accelerator 
Mass Spectrometry (AMS) dates.  A comparison with the previously run NPS dates from Cabin 
Bluff, (all of which are individual organic samples dated by AMS), show that the 2001 samples 
yielded consistently younger dates for the same sedimentary units.  This suggests that the 
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standard radiocarbon samples may have been contaminated with colloidal organics from 
decaying vegetation higher in the geologic section.   
A standard radiocarbon (bulk soil) date (from samples collected in 2001) from thin 
organic stringers ~ 15 cm below the top of the glacial till dated to 11,250±50 rcy B.P, showing 
partial vegetation by this time.  A radiocarbon date from bulk sediments at the bottom of the 
lowest peat horizon above the till dated to 9270±70 rcy B.P.  This date corresponds reasonably 
well with the previous AMS date on discrete organics (from the NPS 1999 season) of 9470± 40 
rcy B.P. from the same stratigraphic location, giving a minimum date of 9300-9500 rcy B.P. for 
the start of peat development.  AMS dates of 8890±40 and 8500±40 rcy B.P. bracket an 
approximately 15 cm thick peat above the lowest peat.  Bulk soil dates of 7980±50 rcy B.P. and 
7840±50 rcy B.P. in higher peat horizons date the start of an abrupt rise in alder and fern pollen 
at the expense of most other species.  This pollen trend is terminated with the Aniakchak I 
tephra.  
The exact dating of the massive Aniakchak I tephra is uncertain.  A sample submitted for 
AMS dating from Feature 17 at the CRPA Cabin on underlying peat dated to 7350±70 rcy B.P, 
while an A soil horizon directly under the ash deposit at Cabin Bluff returned a standard date on 
bulk soil of 6760±60 rcy B.P.  The stratigraphic position of the Cabin Bluff sample may be more 
securely tied to the Aniakchak I ash fall than is the distal peat date.  The bulk sample radiocarbon 
date from Cabin Bluff is probably too young, though judging by the two other dates where AMS 
comparisons were available, possibly only by about 150 radiocarbon years.  This places the 
Aniakchak I tephra fall between 7350±70 and 6760±60 rcy B.P, possibly in the neighborhood of  
~6900-7000 rcy B.P.   
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 A bulk soil radiocarbon date from undulating sediments just above, and possibly mixed 
with, the massive ash fall dated to 4590±50 rcy B.P, and an organic-rich A horizon 15-20 cm 
above this dated to 4140± rcy B.P.   
 Samples within an ash layer capping the A horizon produced no pollen, but instead a 
considerable amount of charcoal.  A charcoal-rich soil sample from the ash layer as well as 
fibrous organics were collected and submitted for dating.  The fibrous organics returned a 
modern date, while the charcoal-rich ash dated to 8670±40 rcy B.P.  The fibrous organics were 
apparently modern rootlets.  It is unclear why the date for the charcoal from the ash horizon is so 
far out of sequence.  An A horizon above this returned a bulk soil date of 3670±40 rcy B.P.   
A dark brown organic horizon directly below a thin tephra and the Aniakchak II 
pyroclastic flow returned a bulk soil date of 3310±40 rcy B.P.  This date is about 100 
radiocarbon years too young for the eruption, and is dating pre-Aniakchak II organics, so may 
actually be at least 200 C-14 years too young.  The bulk radiocarbon date from the lowest peat in 
the section is also ~200 rcy to young.  This suggests that all of the bulk soil dates between the 
Aniakchak II pyroclastic flow and the bottom of the profile may be at least several hundred years 
too young.   
Radiocarbon dates on bulk soil samples screened and picked to remove obvious modern 
contamination from the sediments above the 3400 rcy B.P. eruption nonetheless returned out-of-
place and out-of sequence dates.  Dates of 1990±40/1930 cal. B.P. and 1510±49/1390 cal. B.P. 
were produced from samples taken above the 3400 rcy B.P. pyroclastic flow.  The younger date 
came from a soil sample just above the pyroclastic flow sediments at ~75 cm below ground 
surface, and the older date from 55 cm above this.  These samples, like the others, exhibit 
contamination by humic acids.    
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Pollen Data Analysis 
The 2001 Cabin Bluff pollen data combines radiocarbon dating with an extensive pollen 
record to shed considerable light on late Pleistocene and Holocene environments.  The pollen 
record shows that vegetation cover never achieved long-term stability before it was abruptly 
disrupted by major volcanic eruptions.  This effect has been observed by another pollen 
researcher, who noted that periodic volcanic ash falls has left the Alaska Peninsula a "patchwork 
of [biological] communities" (Heusser 1983:292).  Holocene volcanic eruptions appear to have 
essentially wiped the slate clean on at least three occasions on the Aniakchak coast, necessitating 
recolonization from surviving local vegetation or from more distant populations surviving 
outside the affected region (Nelson 2004). 
Several trends are apparent in the data.  One is that major volcanic eruptions leave 
devastated landscapes that are inhospitable to rapid colonization.  Pollen grains abraded from 
blowing ash were observed after both the ash fall above the 4140±40 rcy B.P. soil horizon and 
the Aniakchak II pyroclastic flow deposits, showing unstable, erosive environments difficult for 
plant establishment.  While the 2001 bulk soil dates must be used with some caution, it appears 
that soil formation may have been delayed for several thousand years after the Aniakchak I 
eruption, and almost as long for the Aniakchak II eruption.  Soil dates above the Aniakchak II 
flow deposit show that by 2000 B.P. the soil surface had at least partially stabilized, vegetated, 
and the generation of organic acids had begun, making ~2000 B.P. the minimum age for the 
revegetation of the area.  These data correlate with revegetation studies carried out on volcanic 
deposits on the western end of the Aleutian arc, where researchers estimated that full recovery of 
the soil-vegetation system around Ksudach Volcano in southern Kamchatka would take over 
2000 years (Grishin et al. 1996). 
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Another trend appears to be a generalized progression in regional revegetation over time 
on the Aniakchak coast.  Revegetation of volcanic landscapes in this region starts with grasses 
dominant, often accompanied by sage, sedges and heaths.  Over time grasses give way to sedges, 
accompanied by birch and heaths.  Alder and fern eventually dominate, with other species in 
supporting roles, leaving an environment similar to the one found today on the Pacific coast of 
the Alaska Peninsula.  
The Aniakchak region may have had a high carrying capacity for caribou during those 
times in the past with high populations of grasses and sedges. Grass in particular has been higher 
than present at least four times during the Holocene. The latest period of grass-dominated 
landscapes was after the Aniakchak II eruption.  Evidence suggests that by about 2,000 years ago 
the region impacted by the Aniakchak II pyroclastic flow may have been able to support a 
considerably higher summer population of caribou than can the alder-dominated vegetation of 
the present (Nelson 2004). 
The mid-Holocene horizon of tephra mixed with charcoal, located in the section between 
175 and 185 cm below surface, raises many questions.  What is the genesis of the several 
contorted horizons above the Aniakchak I ash fall, of which the tephra and charcoal horizon is 
the uppermost?  The contorted sediments beneath the tephra, and undisturbed horizons above it, 
suggest that some event at this time affected the deposits below the tephra but not above it.  It is 
very possible that the contorted sediments represent down slope flow of unfrozen, water-
saturated sediments, caused by a sudden shaking.  This was likely the result of an earthquake 
(Nelson 2004), possibly accompanying the eruption that deposited the ash fall and shifted the 
underlying deposits.   
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What is the origin of the charcoal in the tephra?  The tephra has a considerable amount of 
fine charcoal flecks mixed through it.  The charcoal is presumably from an associated ―forest‖ 
(brush) fire (Nelson 2004), though this is a very unusual event in the region because of the rarity 
of thunderstorms in the coastal environment.  Most likely the fire was sparked by lightning 
strikes caused by the ash fall cloud.  The tephra contains virtually no pollen, suggesting a rapid 
ash fall during a dry period, possibly in autumn.  The tephra with forest fire charcoal and the 
unfrozen sediments impacted by the earthquake suggest that both events (tephra and earthquake) 
were warm season occurrences, and add credence to the possibility that they may have been 
contemporaneous.  Very low levels of mostly grass pollen are recorded after the tephra and fire, 
with much of the pollen abraded, suggesting an environment with discontinuously grassy 
vegetation and considerable amounts of fine wind-blown ash.  Dirksen and Dirksen (2004) noted 
a similar increase in grass and Asteraceae pollen, coupled with a decline in alder, following a 
catastrophic eruption on Kamchatka at approximately 7700 B.P. 
How reliable are the dates associated the Mid-Holocene tephra and charcoal?  The two 
radiocarbon dates from materials in the tephra/charcoal horizon are both anomalous, with one 
much too young (modern) and the other too old (8670±40 rcy B.P.).  It is understandable that the 
dated organics may have been recent rootlets or contaminated with humic acids and thus 
produced a modern date.  The unusual occurrence is that the charcoal produced a date that 
appears substantially too old.  Charcoal is generally less subject to contamination than bulk soil 
samples, and humic acid contamination of the sample would make it appear younger, not older.  
The ~10 cm tephra containing the charcoal is bracketed by bulk soil dates of 4140±40 rcy B.P. 
underneath and 3670±40 rcy B.P. above.  Between the 3670±40 rcy B.P. A horizon and the 
Aniakchak II deposit above it (which in this sequence has a soil date of 3310±40 rcy B.P.) are 
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four ashes separated by organic horizons.  The development of these multiple soil horizons 
suggests the passage of considerable time, possibly more than the 350 radiocarbon years signaled 
by the dates.  Nonetheless, these dates are in sequence and, if additional age is added to take into 
account the bulk nature of the sample and the possible humic acid contaminants, give a 
reasonably coherent chronology for mid-Holocene environmental events. 
 Minor volcanic eruptions, particularly those depositing 5 cm or less of ash, had little 
discernable effect on this pollen record.  A 15 cm ash fall in the early Holocene does not 
devastate vegetation and start the revegetation process, though vegetational changes concurrent 
with the ash fall (sedges and heaths decrease, grasses increase) are likely a reaction to the ash.  
Where ash falls had an effect on vegetation that was clearly discernable in the Cabin Bluff pollen 
record is when the deposits were either very thick (in this case ~80 cm of tephra), were flow 
deposits, or were when a tephra fall was accompanied by fire.  This effect was evident with the 
tephra falls during and after the mid-Holocene fire.  Revegetation after the tephra and fire is 
composed of almost 90% grasses, the early colonizing plant type in the region.  Shortly after this 
event the region is again graced with an additional 15 cm of tephra.  Pollen above this tephra 
again shows vegetation composed almost completely of grasses.  It seems reasonable that forest 
fire and ash fall (i.e., burial) in combination increase their impact upon vegetation, particularly, 
as in this case, where the ash fall and fire were closely followed by another thick tephra fall. 
 The Cabin Bluff pollen data shows that very large volcanic events have caused ecological 
crashes on the Aniakchak coast multiple times in the Holocene.  While the dating of these 
ecological recoveries is less than secure, the dates suggest that productivity was low for many 
centuries, and only gradually improved.  The modern vegetation around Cabin Bluff is similar to 
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the early Holocene vegetation just before the Aniakchak I tephra fall, and may reflect something 
close to a climax vegetative assembly.   
Aniakchak and Katmai Soil Data 
In 2001 I collected a series of soil samples and data in the Aniakchak National 
Monument and Preserve and in the Katmai National Park and Preserve.  This sampling was 
conducted to develop baseline data describing the rate of weathering and the nutrients available 
to plants in the soils of unvegetated areas around the two National Park Service units.  This data 
would allow comparisons between samples from the Aniakchak Tephra Plains and samples from 
the unvegetated pyroclastic flow in the Katmai Valley of Ten Thousand Smokes, as well as 
samples from vegetated soils formed on the Aniakchak II pyroclastic flow at Cabin Bluff on the 
Aniakchak coast.  It was hoped that data could be collected that would explain the slow rate of 
revegetation of large areas of the Aniakchak National Monument and Preserve, and give clues to 
the rate of vegetational recovery after the Aniakchak II eruption.  Soil tests and samples were 
taken from four locations in the Aniakchak National Monument and Preserve, and two locations 
in the Katmai National park and Preserve. 
A series of soil samples and soil test readings, as well as GPS location data, were taken at 
each testing location (Tables 9.1-9.4).  Soil field tests included soil temperature, bulk density, 
compressive strength (compaction), and infiltration.  Temperature readings (in C°) were taken by 
a digital multi-meter.  Soil compaction readings were taken with a pocket penetrometer.  Soil 
density (in grams per cm³) was obtained by the core method, which required taking 30 cm³ 
samples with a soil density volumeter and dividing weight by volume.  Soil infiltration rate was 
determined by the use of a Turf-Tec Infiltrometer (see Figure 9.16).  The infiltration test 
consisted of pushing the two concentric rings of the Infiltrometer into the ground, filling up the 
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10 cm deep outer ring with water, and then filling and timing the draining of the 10 cm deep 
inner ring.   
Soil pits >50 cm deep were excavated at the Aniakchak Plateau and Aniakchak and 
Kujulik tephra plains, as well as the two Valley of Ten Thousand Smokes locations.  Soil field 
tests and samples were taken from Test Pit 1, while only soil samples were collected from Test 
Pits 2 and 3.  Soil temperature and compressive strength readings were taken at the surface, at 5 
cm below surface (bs), at 25 cm bs, and at 50 cm bs.  Infiltration tests were taken at the surface 
and at 25 cm bs.  Soil samples were taken at the surface and at 5, 25 and 50 cm bs.  Soil samples 
were taken in 1 quart, zip-closed, heavy-duty plastic bags.  At the Cabin Bluff geologic exposure 
soil field tests and samples were taken from the face of the section.  Samples and tests were 
taken every ten cm from the surface to 110 cm bs.  Only one set of soil samples was taken at this 
location, and no infiltration test was conducted. 
Soil samples from the 2001 season were processed at the University of Alaska Plant and 
Soil Test Lab in Palmer, Alaska.  Twenty-seven different lab soil tests were performed on 40 sets 
of samples from the 6 Alaska Peninsula locations.  Tests for soil fertility included pH, NaF 
(allophane), cation exchange capacity, total carbon, nitrogen, phosphorus, and sulfur, available 
ammonium, nitrate, potassium, calcium, magnesium and sodium, and readily available 
phosphorus, copper, zinc, manganese, iron, and boron.  
The pH was measured in water (1:1), and NaF (1:50).  Available ammonium and nitrate 
nitrogen were derived by the KCL extraction method.  Readily available phosphorus, copper, 
zinc, manganese, iron, and boron were derived by the Menlich III test.  Total carbon and nitrogen 
values were derived by Leco carbon and nitrogen analyzer.  Total phosphorus and sulfur values 
were derived from percholic acid total digest.  Cation exchange capacity and exchangeable 
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cations were extracted by 1 M NH4OAc and determined by steam distillation and atomic 
absorption, respectively.  Lab tests for the products of soil weathering included the extraction of 
soluble aluminum, iron and silica by ammonium oxalate, soluble iron, aluminum and manganese 
extraction by dithionite-citrate, and the extraction of soluble aluminum and iron by sodium 
pyrophosphate.  
The six widely-separately testing locations in Aniakchak and Katmai required air 
transportation to each site.  Only one of these locations was near a coastal beach, and none were 
near airstrips.  Two locations were on the Katmai pyroclastic flow and the other three were on 
devegetated tephra plains in the Aniakchak National Monument and Preserve.  The fact that 
transportation was by small fixed-wing aircraft to all six instead of by helicopter is very unusual 
for point-to-point scientific testing in Alaska, which usually requires helicopter support, and is an 
example of how large and barren the tephra plains are on the central Alaska Peninsula.  
At five of the six test locations I had an airplane and pilot waiting while I conducted the 
soil tests.  I attempted at the start of the testing to excavate three pits, set in a triangle, a fixed 
distance apart, in each location.  The three pits were used to provide three different sources for 
soil samples, to increase the chance that the data gained was representative of soil conditions at 
that location.  Some researchers had suggested that I combine samples from the three pits to get a 
more representative sample, but I decided to go with other advice that stated it was better to give 
an accurate picture of a single location than a generalized sample.  The excavation of three pits 
was only possible in some locations.  Due to time and weather constraints, only two test pits 
were excavated at the Kujulik Bay Tephra Plain and the Aniakchak Tephra Plain.  In the end, 
funds were available for lab tests on samples from multiple test pits per site in only two locations 
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(VTTS lower flow and the Aniakchak Tephra Plain), with the other four locations having 
samples run from only one test pit (Test Pit 1) per site. 
It was decided before the project began that samples would be taken from fixed versus 
natural levels, partly to make the results comparable between sites, and partly because of the lack 
of time available at each site to carefully differentiate soil horizons.  Again due to time 
constraints, no profiles were drawn at the two Katmai locations and the Aniakchak Plateau, and 
only very generalized ones were drawn at the other locations, with photos substituted instead.   
Aniakchak Soil Data 
 Pilots of small planes like the central Alaska Peninsula because of the availability of 
expedient landing strips.  These are not man-made airfields, but naturally flat unvegetated areas 
firm enough to land sizeable airplanes on (Figure 9.7).  Vast areas of the central peninsula are 
currently ―tephra plains‖ of unvegetated volcanic material.  Virtually all of these tephra plains 
are in regions covered by pyroclastic flows, heavy ash falls or lahars from Aniakchak, Black 
Peak and Veniaminof volcanoes, which left unstable substrates that resist revegetation.  Some of 
these tephra plains may be from reworking or reburial of the initial deposition.  For example, 
several tephra plains in the Aniakchak and Cinder River drainages may be remnant flood plains 
that reflect the reworking of pyroclastic sediments after 2000 B.P. by the catastrophic draining of 
the Aniakchak Caldera.  Some tephra plains on the slopes of the Aniakchak Volcano may be 
remnants of thick tephra fall deposits from post-caldera eruptions.  Even so, many of the 
unvegetated tephra plains in the region appear to be the remains of the formerly vast expanses of 
unvegetated pyroclastic flow from the original 4600-3400 rcy B.P. eruptions.  It was the 
presence, abundance, and potential antiquity of these tephra plains that pushed me to sample 
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them as part of an effort to better understand the process and timing of the ecological recovery of 
the fourth millennium B.P. eruptions.   
Soil samples were taken from four locations around the Aniakchak National Monument 
and Preserve between August 21 and 25, 2001 (Figure 9.8).  Samples were taken from two 
tephra plains on the Bering Sea side of the Aleutian Range.  These two sites were labeled the 
Aniakchak Plateau and the Aniakchak Tephra Plain.  Two locations on the Pacific coast, east of 
the Aleutian Range, were sampled as well: the Kujulik Bay Tephra Plain and the Cabin Bluff 
geologic exposure. 
Aniakchak Plateau (N 57° 00.616" W 158° 02.966", 440m amsl)  
 On August 21
st
 I was picked up by NPS pilot Tom O‘Hara in his 2-person Super Cub at 
Port Heiden and flown to the Aniakchak Plateau (informal name), a high ridge projecting off the 
northeast side of the Aniakchak caldera (Figure 9.9).  The pilot dropped me off on the ridge in 
20-30 mph winds, and then flew down to a lower elevation to gain shelter for his airplane until I 
radioed for pickup.  The area was relatively flat, sloping gently to the west, north, and east.  The 
location, approximately 9 km north-northeast of the caldera, was chosen because its height 
(440m) above the Bering Sea plain made it a good location to obtain samples of Aniakchak 
volcanic soil that were weathering in an alpine environment.  The harsh conditions were evident 
in the small amount of plant life found at the site, which included a flagged tuft of moss, green 
on its eastern (lee) side and eroded on its western (windward) side.      
Three test pits were excavated at this location.  Pits were placed in a triangle 
approximately 10 m apart.  Test Pit 1 was located on a barren, ablated surface.  Test Pit 2 was on 
a surface with periodic moss and a few small plants.  Test Pit 3 was excavated in a shallow 
stream-washed draw.   
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Excavation revealed that the subsoil was all pumice (Figure 9.10).  This was evident 
when the infiltration test was done.  In weathered soils it commonly takes minutes for the inner 
ring of the Infiltrometer to drain.  In this case I couldn‘t fill the outer ring and then fill the inner 
ring before the outer was dry.  This test was attempted first with the constricting nozzle screwed 
on the 23-liter water jug, and later with it unscrewed and off.  Water literally poured into the soil 
and disappeared. 
Aniakchak Tephra Plain (N 57° 06.210" W 158° 00.96",70m amsl)    
 On August 22 I flew by Cessna 185 from Port Heiden, piloted by Sam Egli of Egli Air, to 
a tephra plain on the eastern edge of the Bristol Bay lowlands.  I was accompanied by Page 
Spencer, an ecologist with the National Park Service, who had flown down from King Salmon 
with Sam to participate in the day‘s excursion.  The day was overcast with low-hanging clouds, 
making it difficult to locate exact locations on the Bering Sea plain.  We landed 18 km north-
northeast of the Aniakchak Caldera, at 70 m amsl, near the northern limit of the unvegetated 
region (Figure 9.11).   We excavated two test pits on the edge of the bench-like tephra plain, 
which in this area slopes gradually to the north.  The main vegetation on the plain is patches of 
lupine with occasional grasses growing amongst them.  Stream valleys, with alder, willow and 
other vegetation, dissect the tephra plain.  Stream vegetation grows up the sides of the valleys but 
does not project above the surface of the adjacent tephra plains.  The surface of the tephra plain 
is covered with a lag pavement of scoria cobbles to >15 cm in diameter, with sand in between.  
Much of the scoria lag appears to come from scoria cobbles that were fractured from freeze-thaw 
processes.  Sand-covered mounds are commonly observed on the western (downhill) side of the 
tephra plains.  These formed because of vegetation (usually crowberry) catching the wind-blown 
sand.  Page discovered a small, unidentified plant with a stem <2 cm long, and with two tiny 
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leaves, that had a root that went down more than 22 cm into the substrate.  The test pits showed 
soil horizons of medium sand with 1-2 cm diameter scoria from the surface to 8 cm bs, coarse 
sand with scoria and pumice >2 cm diameter to 40 cm bs, and coarse sand and scoria >10 cm 
diameter below that level.   
Kujulik Bay Tephra Plain (N 56° 42.945" W 157° 45.771", 28m amsl) 
 Testing at the Kujulik Bay Tephra Plain was conducted on August 21, with transportation 
provided by NPS pilot Tom O‘Hara.  The Kujulik Bay Tephra Plain, 27 km southeast of the 
Aniakchak Caldera, is one of the largest of the many unvegetated tephra plains that dot the 
Pacific coast in Kujulik Bay.  The plain is located 3.8 km north of the northernmost section of 
Kujulik Bay, at 28 m amsl, in the watershed of North Fork Creek (Figure 9.12).  North Fork 
Creek lies in one of the main passes through the Aleutian Range, connecting the Pacific Ocean to 
the Meshik River valley and the Bering Sea. 
The main vegetation dotting the 350 m long plain is small patches (<10 cm) of moss, 
usually anchored in rocks.  Crowberry, alder, or both cover low berms on the east, south, and 
west sides of the plain.  A trench dug in one of the berms showed that the berms were cored with 
fine sand, presumably caught by the vegetation.  No berm was located on the northern side of the 
plain, which is covered by crowberry grading to dwarf willow as it drops 3 m to a marsh pond.     
The profiles of both test pits appeared identical (Figure 9.13).  Pumice-rich silty sand 
with lithic fragments (>3 cm) was found down to 35 cm, with coarse sand and lithics down to the 
pit‘s bottom at 55 cm.  Because of the similarity in the test pits and the pilot standing by, only 
two of the three planned test pits were excavated and sampled.  
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Cabin Bluff Soil Profile (N 65° 45.90", W 157° 28.92", 35m amsl) 
As previously mentioned, Bob Nelson and I arrived at the CRPA cabin near the mouth of 
the Aniakchak River on August 23, 2001.  After cleaning off the Cabin Bluff profile and helping 
Bob screen soil samples for the recovery of microfossils, I took a series of soil tests and sediment 
samples from the cleaned profile.   The same tests were conducted as were done at the other soil 
testing locations, with several exceptions.  Instead of digging test pits and taking readings and 
samples at the surface, 5 cm bs, 25 cm bs, and 50 cm bs, I took readings and samples at the 
surface and at 10 cm intervals down to 110 cm bs.  This series sampled sediments from the 
modern ground surface down to the middle of the 3400 rcy B.P. pyroclastic flow sediments.  The 
top of the flow appeared to be at approximately 50 cm bs., but the exact top was difficult to 
discern in the field because of mixing with later sediments and because soil weathering horizons 
acted to obscure the transition.  No percolation test was conducted at Cabin Bluff. 
Katmai Soil Data from 2001 
 Sampling was conducted in the Valley of Ten Thousand Smokes in the Katmai National 
Park and Preserve on August 18, 2001.  Soil samples were taken from test locations at the top 
and toe of the pyroclastic flow in the Valley of Ten Thousand Smokes (Figure 6.3).  As in 
Aniakchak, these samples were taken to test for plant nutrients and soil weathering products, in 
an effort to understand factors limiting revegetation of northern pyroclastic deposits.  The flow 
deposits in the Valley of Ten Thousand Smokes are located at a similar latitude and in a similar 
environment to the Aniakchak 3400 rcy B.P. pyroclastic flow, so offers a good analog for the 
rate of soil weathering and revegetation that could be expected ~90 years after the Aniakchak 
eruption.   
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 Transportation to the Katmai Valley of Ten Thousand Smokes test locations was by 
Cessna 180 out of King Salmon, piloted by Alan Levenson of C-Air.  Bob Nelson accompanied 
me.  Our original intention was to overnight in the valley, and spread the testing out over two 
days.  Unfortunately, a storm was expected in the region in the next 12-24 hours, and conditions 
in the valley are very harsh during storms, with high winds and blowing pumice.  Consequently 
locations at the top and toe of the flow were tested on the 18
th
, with the pilot standing by while 
we conducted testing. 
Valley of Ten Thousand Smokes-Novarupta (N 58° 15.89", W 155° 11.0", 704m amsl)   
Sampling at the head of the pyroclastic flow in the Valley of Ten Thousand Smokes was 
conducted in the Novarupta caldera, approximately 1 km west of the Novarupta plug (Figure 
9.14).    The caldera forms an approximately 2 km square box canyon with Novarupta at the head 
of the canyon to the east and the main Valley of Ten Thousand Smokes to the west.  We flew in 
early in the day, and spent the first half of the day testing and sampling.  Three test pits were dug 
(Figure 9.15).  Testing was conducted here 1) to test multiple locations on the flow, 2) to have 
tests and samples from a somewhat sheltered section of the flow, and 3) to visit the area that had 
been vegetated by the liverwort layer shortly after the eruption.   
Valley of Ten Thousand Smokes-Lower Flow (N 58° 24.10", W 155° 22.41", 136m amsl) 
 Sampling of the lower pyroclastic flow in the Valley of Ten Thousand Smokes was 
conducted 2.8 km north of Three Forks (the intersection of Windy Creek, Knife Creek, and the 
River Lethe), within one km of the toe of the flow (Figure 9.16).  The test was located on the top 
of the flow, which is in this area is massive, with vertical sides that stand >10 m above the Ukak 
River valley.  No soil formation is visible on the top of the flow (Figure 9.17).  The test was 
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conducted here to sample a section of flow that was subject to large amounts of wind and water 
erosion.  Three test pits were dug in this location.  The vegetation and environment of the Valley 
of Ten Thousand Smokes has been described in Chapter 6. 
Soil Data Analysis 
The sampling locations in the Valley of Ten Thousand Smokes were chosen to give 
pyroclastic flow soil values from the two slightly different environments.  The Novarupta 
sampling site is a more sheltered, less eroded location than the lower flow, with more soil fines 
and more developed soil, and consequently more vegetation.  The Novarupta soil samples show a 
higher soil density, indicative of finer, more consolidated sediments.  The upper 5 cm of the 
Novarupta samples also showed more than double the weathering of iron and over four times the 
available nitrogen of the samples from the lower flow.  Cation exchange capacity, the potential 
of the soil to hold positively charged ions and convey nutrients that plants need, was seven times 
higher in the Novarupta deposit.  The lower flow location is more indicative of environmental 
conditions on the rest of the flow, where wind and water continually remobilize surface 
sediments. 
    The three test pit locations in the Aniakchak National Monument and Preserve were 
chosen in the belief that they had been covered by the Aniakchak 3400 rcy B.P. pyroclastic flow 
but not heavily impacted by later volcanically related events.  These later events included post 
3400 rcy B.P. eruptions as well as the draining of the caldera, which resulted in the flooding of 
the Aniakchak River valley and parts of the Cinder River and Meshik River valleys.  After field 
testing was accomplished in 2001, it was learned that at least one post-caldera eruption produced 
pyroclastic flows that overtopped the north caldera rim, possibly impacting the Aniakchak 
Plateau location, and that other eruptions had also dumped considerable pumiceous tephra to the 
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north of the volcano (Neal et al. 2001:7).  This information suggests that much of the contiguous 
unvegetated area to the north and east of the caldera may be unvegetated because of volcanic 
products deposited after the caldera-forming eruption.  Thus the Aniakchak Plateau and 
Aniakchak Tephra Plain testing locations may be examples of landscapes where the soil clock 
was reset again sometime after the 3400 rcy B.P. eruption. 
 In field tests the sediments from the Aniakchak Plateau appeared to be the least 
weathered of the test pits excavated, including the locations in the Valley of Ten Thousand 
Smokes.  Visual analysis, infiltration, and bulk density testing showed the sediments were 
relatively unweathered pumice of very high porosity, with subsurface materials of a lower bulk 
density than the Katmai pyroclastic flow samples.  Water retention in the soil was so low that 
infiltration tests designed for normal soils could not effectively be used.  It was evident that high 
winds regularly strip the surface of developing soils, while alpine environmental conditions 
hamper revegetation by limiting temperatures and the length of growing seasons.  Chemical tests 
of soils at the plateau showed a somewhat lower CEC than the Novarupta sample, though other 
tests were similar to the Novarupta and lower flow samples, showing very slow soil 
development. 
 Data for the Aniakchak Bay and Kujulik Bay Tephra Plains are relatively similar in many 
field and lab test results.  Both show slightly more weathered soil profiles and available nutrients 
than the plateau or lower flow locations.  The Kujulik Bay Tephra Plain weathering amounts are 
greater than those of the Bering Sea or Katmai sites, being similar to the Cabin Bluff profile.  
This trend reflects the similar environments the two share, with warmer winter temperatures and 
greater rainfall on the Pacific side than the Bering Sea side of the Aleutian Range.  Infiltration 
rate is high at the Kujulik Bay site, suggesting that most of the rainfall is not staying available in 
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the soil for plant use.  The sand-cored berms on the edges of the Kujulik Bay Tephra Plain 
showed that the area is essentially a large blowout.  The site is located in one of the passes that 
funnel winds from one side of the peninsula to the other.  It is likely that low water availability, 
high winds and the movement of abrasive particles across the surface are a large part of the 
reason the area is still unvegetated. 
All six of the locations where I conducted soil tests in 2001 were ones that been covered 
by pyroclastic flows sometime in their past: the four in Aniakchak ~3600 years before, and the 
two in the Valley of Ten Thousand Smokes 89 years before.  Of these locations, the Cabin Bluff 
geologic profile was the only one where the soil surface was currently vegetated.  Vegetation on 
the bluff top above the profile is typical for much of the region, being a mix of dwarf willow, 
Umbelliferae, heaths, and sedges, with occasional patches of alder.  The more developed 
vegetation at Cabin Bluff reflects the greater soil weathering, organic development in the soil, 
and available nutrients in the near surface sediments.  The more developed weathering is in part 
a reflection of the more temperate nature of the Pacific side of the peninsula, with greater rainfall 
and somewhat longer growing season.  A comparison of the Cabin Bluff lab data with the other 
locations highlights these differences in nutrients and weathering.   
Cation exchange capacity, the potential of soil to hold charged ions of nutrients that 
plants need, ranges from a low of 0.08 on the surface of the lower flow at Katmai to a value of 
2.69 at the surface of test pit 1 on the Aniakchak Tephra Plain at Bristol Bay, with the highest 
subsurface value at any of the five testing sites reaching only 3.36.  In comparison, the cation 
exchange capacity of the upper 30 cm of soil at Cabin Bluff was approximately 25 or above.   
The available nitrate nitrogen, probably the single most important nutrient for plant growth, 
ranges between 4 and 51 parts per million (ppm) at the surface in the Katmai and other 
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Aniakchak locations.  Available nitrate nitrogen at the surface in the Cabin Bluff sediments is 
207 ppm.  Surface values for percent of total carbon ranges from 0.05% to 0.35% at the other 
locations, while at Cabin Bluff carbon is 6.17%.  Values for available cation nutrients 
(potassium, calcium, magnesium and sodium) were all 3 to 4 times higher in the upper Cabin 
Bluff sediments than at the other sites.  Carbon, nitrogen, cation exchange capacity, and the 
exchangeable cation nutrients all co-vary. 
 Of course, not all weathering processes in high silica volcanic soils bode well for plant 
nutrient availability.  Phosphorus is generally available in young tephras, but rapidly weathers 
out, becoming unavailable for plants (Shoji et al. 1993b: 218).  As volcanic soils weather, more 
allophane and aluminum become present in the soil.  Allophane fixes with phosphorus in the 
soil, making it unavailable for uptake by plants (Brady and Weil 2002: 93; Shoji et al. 1993b; 
Ugolini and Zasoski 1979).  This condition is commonly found in weathered, tephra-derived 
soils in Alaska (Michaelson and Ping 1986: Ping and Michaelson 1986; Ping et al. 1989:13), and 
is very evident in this laboratory soil data.  The NaF pH value, an indicator of the amount of 
allophane available in the soil, ranges from 7.22 to 8.7 in most of the 5 test pit locations, with the 
Kujulik Bay and Aniakchak Tephra Plains reaching subsurface values of 9.74 and 9.41, 
respectively.  Values of NaF pH greater than 9.4 in soils indicate an appreciable amount of 
allophane (Michaelson and Ping 1986).  The NaF pH values for the top 80 cm of the Cabin Bluff 
profile range between 10.11 and 11.12, showing high amounts of allophane.   
The presence of phosphorus varies inversely with the amount of allophane present.  The 5 
pyroclastic flow and tephra plain sites, with less weathering and less allophane than the Cabin 
Bluff section, have phosphorus values from 4 ppm to 51 ppm, with an average of 23 ppm for all 
values.  The majority of the soil samples from the upper 70 cm of the Cabin Bluff profile, with 
249 
higher weathering and higher allophane content, have available phosphorus of 1 ppm or less.  
This shows that virtually all the phosphorus in the soil has been locked up by allophane and is 
unavailable to plants. 
 Low soil pH and high aluminum and iron (as seen in the products of the ammonium 
oxalate test) are all correlated with phosphorus fixing by allophane (Ping and Michaelson 1986).  
Iron and aluminum will usually positively co-vary with allophane, with all three increasing as 
weathering increases.  High amounts of aluminum can reach levels in volcanic soils that become 
toxic for plants. 
  Thick juvenile volcanic soils from high silica, explosive eruptions, are difficult 
landscapes for plants to vegetate.  These soils are porous and easily eroded, with poorly 
weathered substrates and few available nutrients, as seen by the soils tested for this project.  
Weathering for these soils in southwest Alaska takes hundreds of years, particularly in exposed, 
wind-swept environments.  Weathered volcanic soils have many available nutrients, but also 
have weathering products that limit vegetation.  High soil aluminum, allophane and low pH limit 
fertility in volcanic soils, causing the depletion of phosphorus and often-toxic soil conditions.  
These conditions limit the species of plants that can inhabit weathered volcanic landscapes to 
those that can tolerate low phosphorus, low pH, and high aluminum concentrations in regional 
soils. 
 
Ecological and Cultural Effects of the 4
th
 Century B.P. Alaska Peninsula Volcanism 
Recovery of Proximal Terrestrial Landscapes 
 This thesis has examined the revegetation of landscapes impacted by other volcanic 
eruptions, including the early Holocene Mount Mazama eruption, the 1907 Ksudach eruption, 
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the 1912 Katmai eruption, and the 1980 Mount St. Helens eruption.  It analyzed pollen data 
pertaining to revegetation in the Aniakchak region after it was devastated multiple times by large 
volcanic eruptions.  And it compared soil data from ~90 year old pyroclastic deposits with data 
from vegetated and unvegetated locations in the modern Aniakchak region.  The data show that 
ecological recovery of the areas heavily impacted by the mid Holocene Black Peak, Veniaminof 
and Aniakchak eruptions would have taken many hundreds of years, with regional climax 
vegetation taking thousands of years. 
 Sterile, coarse, and thick volcanic deposits, such as are found close to these volcanoes, 
take a long time to revegetate.  Deposits of pyroclastic flow are sterile, lacking propagules 
capable of starting revegetation as well as soil mycorrhizae
16
 that enable plant growth.  Because 
of their high temperatures pyroclastic flows also sterilize the underlying soil, removing the 
possibility that underlying vegetation may grow up from underneath the deposit.  Very coarse 
deposits of pumice and scoria take longer to vegetate than do finer deposits.  Coarse materials, 
like the Aniakchak Plateau deposits, have very high infiltration rates, leaving very little water 
available near the surface for plant life.  Coarse pumice deposits also weather more slowly than 
do fine volcanic deposits, taking longer to provide the fine sediments and nutrients needed for 
plant growth.  Thick volcanic deposits are also slow to revegetate.  Burial by 70 –100 cm of 
tephra kills all vegetation (Griggs 1922; Grishin et al. 1996), resetting the soil and vegetation 
clock.       
After disruptions on this scale, northern landscapes in colder climates take long periods to 
stabilize.  Unanchored by vegetation, sediments slide off mountains, blow and wash across 
landscapes, and wash into streams.  Researchers found on Mount St. Helens that heavy tephra 
                                                 
16
 Mycorrhizae are the microflora and microfauna in the soil. 
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was usually stabilized by forests, reducing water and wind erosion (Swanson and Major 2005).  
The Alaska Peninsula is climatically ―above tree line‖, so it had only brushy vegetation to 
stabilize thick ash.  Tree debris in streams on Mount St. Helens was found to increase channel 
stability.  The lack of this debris increases bed and bank scour, and would delay establishment of 
channel stability, riparian vegetation, and aquatic habitat (Swanson and Major 2005).   
The high wind environment of the Alaska Peninsula has a constant effect on unstable 
substrates and any plant life attempting to revegetate.  Soil surfaces are eroded away by aeolian 
action before they can be stabilized by plants, sometimes leaving plant and root stranded and 
dead on the surface.  Aeolian movement of volcanic glass particles creates a very corrosive 
environment for plants, sandblasting soft tissues and causing plant demise. 
 The short seasons and colder temperatures of northern climates hinder both soil formation 
and revegetation.  Short warm seasons mean fewer days above freezing for soil weathering to 
take place, slowing the breakdown of volcanic products into elements available for plant growth.  
Short warm seasons also mean that plants have a short time to become established before they 
become dormant for the winter.  Growing season and soil weathering is slower on the Bering Sea 
side of the Alaska Peninsula, with shorter growing seasons and colder overall temperatures than 
on the peninsula‘s Pacific coast. 
 Testing from two locations on the ~90 year Katmai pyroclastic flow and from four 
locations in the Aniakchak National Monument and Preserve allow examination of weathering 
and vegetation on soils of different ages and in different environments.  Katmai samples show 
that sterilized substrates on the Alaska Peninsula vegetate or weather relatively little in 90 years.  
The Katmai flow is still in the beginning stages of revegetation, with vegetation sampling over 
the last 90 years showing a constant turnover in species attempting to colonize the flow.  The 
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sediments in the Katmai flow have very little nitrogen or other nutrients, high pH, and a cation 
exchange capacity <1/15 that of a vegetated section.  Soil tests from the Aniakchak region show 
that unvegetated soils above the Aniakchak pyroclastic flow have remained low in nutrients, due 
in part to slow weathering (particularly on the Bering Sea coast), the removal of surface fines by 
aeolian activity, and the periodic deposition of volcanic ashes.   
The Cabin Bluff profile shows several interesting facets of soil development on the 
Aniakchak 3400 rcy B.P. pyroclastic flow.  One point to note is that while the top 30 to 40 cm of 
soil below the modern surface have sizeable nutrient values, capable of supporting vegetation, 
similar measurements for nutrients below this from the pyroclastic flow deposits itself are similar 
to most of the Katmai flow samples.  This shows that soils developed over millennia on volcanic 
sediments can support vegetation, but if the surface of a thick pyroclastic flow is continually 
removed by wind or water, the resultant surface is very low in fertility or ability to support 
plants.  Also, the soil weathering tests show that the upper part of the Cabin Bluff section is 
substantially weathered, with high amounts of allophane, aluminum and iron.  Co-varying 
inversely with the high allophane amounts are corresponding low values for phosphorus, which 
is locked up by the allophane and becomes unavailable for plants.  
The Black Peak pyroclastic flow is one example of the factors that keep pyroclastic flows 
unvegetated.  While most of the Black Peak 4600 rcy B.P. pyroclastic flow has vegetated, 
sections near the caldera remain unvegetated (Figure 5.1).  The north lobe of the pyroclastic flow 
is vegetated except for a segment where stream, rain and wind erosion have stripped off the 
vegetation and developing soil and reset the soil and revegetation clock to zero.  The lack of 
vegetation on a section of this nearly 5000-year-old pyroclastic flow reflects the mobile nature of 
the sediments, which retards soil formation, the difficulty of colonizing plants in becoming 
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established on these unweathered substrates, and the lack of nutrients in the unweathered flow 
deposits. 
 Time of year plays an important part in the effects volcanic eruptions have on landscapes.  
The Mount St. Helens eruption took place when some landscapes were still frozen and covered 
with snow.  This causes some environments to be shielded from the worst of the volcanic effects, 
allowing organisms to rapidly recover and repopulate surrounding areas from these snow-
covered refugia.  Available evidence suggests that the Aniakchak 3400 rcy B.P. eruption was a 
warm-season event.  This means that plants and animals would have been caught during their 
growth period, with no covering snow, so would have felt the full effects of the eruption.  
Caribou, in particular, would have been vulnerable to the proximal effects from this eruption.  
The Alaska Peninsula caribou herd spends its summer on the central peninsula, while winters are 
generally spent north of Ugashik Lake (Hemming 1971:41).  Veniaminof and Aniakchak 
eruptions that deposited vast pyroclastic flows across the Bering Sea plain would at the least 
disrupt caribou migration patterns and calving cycles.  Dumond notes that such events, if taking 
place in the warm season, as the Aniakchak eruption did, ―could conceivably render an entire 
herd extinct‖ (2004:121).   Ash fall alone over a calving ground could kill many or all of the 
annual calf production, and devastate the adult female population as well (Layne Adams, 
personal communication 2008). 
Data from the Cabin Bluff pollen profile gives a picture of the response by the Holocene 
vegetation on the Aniakchak coast to periodic volcanism.  The Cabin Bluff data show that the 
revegetation process has been triggered by volcanic events at least three times since deglaciation.  
Pollen counts after major volcanic events are very low, with pollen grains showing the abrasion 
of volcanic glass particles blowing across unvegetated or partially vegetated surfaces.  While 
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radiocarbon dates from Cabin Bluff were less than perfect, the dates available suggest that by 
2,000 B.P. vegetation was substantially developed.  Grass species lead the revegetation process, 
and may have made the region more biologically productive for caribou several thousand years 
ago than it is today. 
 Revegetation of the dead zone made by the fourth millennium B.P. eruptions would have 
been a patchwork, depending in part upon the age and type of deposit.  The Black Peak eruption 
occurred first (~4600 B.P.), then the Veniaminof caldera-forming eruption (3700 rcy B.P.), and 
then Aniakchak at 3400 rcy B.P.  The Black Peak pyroclastic flow may have been slow to 
revegetate due to its elevation (>600 m).  Much of the lower elevations impacted by the 
Veniaminof eruption would have revegetated faster than Aniakchak, because more of the region 
was impacted by lahars and probably less by pyroclastic flow.  Lahars, unlike pyroclastic flows, 
contain bits of propagules and soil mycorrhizae that speed revegetation.  The Aniakchak region, 
with its vast area covered by pyroclastic flow, would have would been very slow to recover, 
requiring the development of substrates that would sustain vegetation in conjunction with seed 
from sources outside the flow-covered area.  Predominant wind in the warm season is from south 
to north, suggesting that wind-deposited propagules would most likely move easiest into both 
regions from the south.  Both Veniaminof and Aniakchak have embayments to their southwest, 
limiting the landmass and attendant vegetation available for starting recolonization. 
Recovery of Proximal Marine Environments 
 The Holocene eruptions from Veniaminof and Aniakchak produced massive lahars and 
pyroclastic flows that put 10‘s of cubic km of sediment into the marine ecosystem on both the 
Pacific and Bering Sea coasts.  Pyroclastic flows and lahars from the 3700 rcy B.P. eruption of 
Veniaminof had dramatic impacts on both coasts.   While the pyroclastic flows from the 3400 
255 
rcy B.P. eruption of Aniakchak affected most of the coastline in Kujulik and Aniakchak bays on 
the Pacific coast, the eruption‘s primary effects were on the Bering Sea coast.  The sea cliffs of 
the Aniakchak pyroclastic flow stretch for 45 km along the Bering Sea, an indication of the 
massive sediment pulse that entered the sea there.  Much of the sediment dumped into the Bering 
Sea along the northern Alaska Peninsula coast is moved to the north by the coastal longshore 
transport current.  Sediments deposited into the Bering Sea by Veniaminof eruptions would have 
filled in a possible paleo-embayment at Unangashik and continued north to the Port Heiden 
embayment.  Pyroclastic flows from Holocene eruptions of Aniakchak flowed into the Meshik 
River valley, the Port Heiden embayment and the Bering Sea.  Longshore transport of sediments 
from Aniakchak eruptions would have moved the sediments north, filling possible paleo-
embayments before being deposited in the Ugashik embayment.  Numerous beach ridges that 
line the rear of the Ugashik embayment testify to the many pulses of Holocene sediment that 
have come from volcanic eruptions to the south.  It is probable that in the early Holocene both 
the Port Heiden and Ugashik embayments were deeper water, with less sediment, and more 
deeply indented into the Alaska Peninsula shoreline.  The early Holocene shoreline in the Port 
Heiden embayment may have stretched 10‘s of km farther to the east, while the Ugashik paleo-
shoreline may have been located closer to the outlet of South Ugashik Lake.   
 Rates of recovery for the marine environments impacted by proximal effects, particularly 
pyroclastic flow and lahars, were due in part to the size of the disturbance and the location of 
impact.  Tens of cubic km of sediment, either from flows or lahars, had a dramatic effect on the 
coastal environment.  Flows and lahars that reached the bays on the Pacific Ocean forever altered 
the sediment regimen there, changing what may have been rocky beaches into sandy crescents.  
Rocky, convoluted beaches generally have a considerably higher carrying capacity for human 
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populations; consequently, large pulses of sediment into nearshore environments are detrimental 
to human use of the region.  Increased sediment would affect the back-bays, but depending upon 
the amount of sediment, may leave the mid-bay and outer bay resources unaffected.   
 The Bering Sea coast is a totally different geomorphic environment than the Pacific coast.  
Instead of being dissected by numerous deep bays and islands, the Bering Sea coast has long 
stretches of sandy beaches dissected only by an occasional small stream mouth.  The Bering Sea 
coast sediments are both glacial and volcanic in origin, reflecting a shore environment common 
through the Holocene.  The 4
th
 century B.P. eruptions merely added many more cubic km of 
sediment to the nearshore environment.  The biological recovery of both coasts would require the 
relative stabilization of the coastal substrate and the repopulation of the nearshore environment.   
 The fourth millennium B.P. volcanism on the central Alaska Peninsula catastrophically 
impacted the terrestrial and marine environments.  The pyroclastic flows, lahars and thick tephra 
deposits left vast regions of infertile soil that took many hundreds of years to revegetate.  These 
eruptions deposited large amounts of sediment on the adjacent coasts, keeping intertidal 
productivity low.  The combined terrestrial and nearshore environmental effects caused a large 
ecological dead zone on the Alaska Peninsula unsuitable for human occupation.  This 
inhospitable region formed a long-term ecological barrier to human populations to the north and 
south.     
Distal Ecological Effects of the Aniakchak, Veniaminof and Black Peak Eruptions 
 Little isopach information is available about the tephras that accompanied the major mid 
Holocene Black Peak and Veniaminof eruptions.  The Black Peak tephra is a distinctive ―salt and 
pepper‖ ash that is found in thin horizons as far north from the volcano as Aniakchak.  The 
tephra fall from the Aniakchak 3400 rcy B.P. eruption covered a vast region of western Alaska, 
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reaching as far north as the northern tip of the Seward Peninsula.  The single isopach that has 
been published for this eruption appears to substantially under represent the area covered.  The 
discovery of Aniakchak tephra on St. Lawrence Island shows that the tephra plume was broader 
than that illustrated by Begét et al. (1992), with a centerline farther to the west.  A redrawn 
isopach using this new data (Figure 9.18) shows that the actual ash fall would have covered all of 
western Alaska, including virtually the entire Bering Sea coast north of the eruption.  Tephra fall 
was considerable under the southern part of the isopach, with a depth of at least 15 cm in the 
Ahklun Mountains, 360 km northwest of the volcano.  Tephra depth declines to the north, with 
depths of approximately 1 cm recorded for the northern shore of the Seward Peninsula, over 
1100 km north of Aniakchak (Begét et al. 1992). 
 The Aniakchak eruption ejected the most sulfur of any eruption in the 4
th
 millennium 
B.P, as recorded in the Greenland Dye 3 ice core.  The amount of sulfur contained in the ash fall 
and the amount of sulfur ejected into the stratosphere would have been more than six times the 
amount erupted in the 1912 Katmai eruption, and substantially more than the 1783 Laki Fissure 
eruption (Clausen et al. 1997).  While both proximal and distal Aniakchak tephra would have 
had higher sulfur content than the Katmai ash, the distal Aniakchak tephra would have had a 
higher sulfur content than that which fell close to the volcano.  As ash particle size becomes 
smaller, overall ash surface area per volume increases, and more sulfur is scrubbed from the 
eruptive cloud (Witham et al. 2005).  Consequently, the northern region of western Alaska 
covered by the Aniakchak ash fall would have had a very high sulfur load spread across it, with 
rainwater changing the sulfur to sulfuric acid.   Sulfur effects would increase as one progressed 
north, with the greatest concentrations of sulfur and sulfuric acid in the upper part of the isopach, 
with acid deposition out far beyond the area of measurable tephra fall.     
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Terrestrial Effects 
 The ecological variables that determine the rate of recovery of volcanically impacted 
landscapes were discussed in detail in Chapters 6 and 7.  One of the most important variables is 
the size of the area affected.  The Aniakchak 3400 rcy B.P. ash fall affected all of western 
Alaska.  This massive area is largely made up of two sections of the state that project west into 
the Bering Sea and Bering Strait.  The lower region is the vast area that contains the Ahklun, 
Kilbuck, Ilivit and Kuskokwim mountains and the lower Yukon and Kuskokwim rivers.  The 
upper region covered by the Aniakchak ash fall is the Seward Peninsula and adjacent mainland.   
   The ash fall from the Aniakchak eruption, with its massive sediment deposition, would 
have caused considerable soil and geomorphic change on western Alaska.  Ash fall in the 
southern section of the isopach was relatively deep (>15-20 cm) and coarse, with pumice >1 cm 
in diameter (Waythomas and Neal 1998).  In some areas with a water table near the surface a 
substantial deposition of coarse tephra may have had a surface drying effect.  The deposition of 
ash may, in effect, lower the water table below the ground‘s surface, causing a surface 
environment favoring plants that prefer dryer soils.  The ash would also act like a mulch, keeping 
soil moisture from evaporating, and keeping the subsoil wet longer during rainless periods.   
In northwest Alaska the Aniakchak tephra probably had a different effect. There the 
deposition of a fine, clay-like ash may have formed a less permeable surface layer.  This less-
permeable surface would have had both short-term and long-term effects.  In the short term the 
ash would have increased surface runoff, increasing flooding and erosion.  Over the long term, as 
sediment and organics built up above this impermeable surface, it could have caused the 
formation of bogs, marshes and other similar environments.  This effect is seen in the Susitna 
Valley in southcentral Alaska, where clay-like tephras have formed impermeable horizons above 
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well-drained soils, causing bogs to form (Gary Michaelson, personal communication, 2008).  It 
is also seen in the lower Cabin Bluff profile, where layers of peat formed above fine-grained 
early Holocene tephras. 
Pulses of sediment down streams and rivers would have changed the regional 
geomorphology.  Increased sediment in some areas would have formed impoundments, causing 
new lakes to form.  Increased stream-scour in other places would have increased stream-valley 
erosion and stream sediment load.  The stream-borne sediments would have formed deltas at 
their outlets in lakes and increased sediment flow into the Bering Sea.   
 Deposition of a light colored ash like the Aniakchak tephra would have affected soil 
temperature across western Alaska.  The light colored Aniakchak tephra had a higher albedo 
(reflectance) than the existing soil, so would have reflected 2 to 3 times more solar radiation 
(Cook et al. 1981).  This would have caused a considerable reduction in underlying soil 
temperature.  The soil cooling after the May 18, 1980 eruption of Mount St. Helens provides a 
good example of this point.  Daytime soil temperatures measured in late May of 1980 in central 
Washington beneath 2 to 3 cm of undisturbed ash were 6º to 10º C lower than adjacent sites 
where ash had been mixed in with the soil.  Warm-temperature crops like corn planted in east-
central Washington essentially ceased growing after the Mount St. Helens ash fall because of the 
drop in soil temperature.  They resumed growth when the field was cultivated and the soil 
temperature could rise (Cook et al. 1981).  This soil-cooling effect would be very significant in 
western Alaska, where cold soils, often overlying frozen ground, require considerable solar 
radiation to warm enough for vegetation to grow.  An ash fall occurring just after snow melt 
would have particularly profound effects on vegetation in this region, delaying soil thawing and 
keeping many plants dormant until soil temperatures eventually rose.  An early summer ash fall 
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and corresponding drop in soil temperature in marginal ecological zones might keep some plants 
from completing, or in some cases even starting, their summer growth.   
The physical and chemical effect of the Aniakchak 3400 rcy B.P. ash fall would have had 
a profound short-term effect on most plants.  Ash fall on plant foliage can have at least five kinds 
of effects: (1) the crushing of some plants with weak stems from the weight of the ash; (2) the 
slowing of photosynthesis by the blocking of light on leaves; (3) salt damage on leaves and fruit 
by wet ash; (4) the cooling of leaves from ash reflectance; and (5) leaf water potentials dropping 
because of ash damage to the cuticles (Cook et al. 1981).   
Low-growing plants would have been the most impacted by burial.  Some low-growing 
plants, like lichen, are not able to either physically resist tephra or grow up through it, so will be 
killed by burial of 4.5-10 cm of ash.  Other low-growing species like crowberry (Empetrum sp.) 
are covered by ash fall and become non-productive, producing no berries, but within three years 
can grow up through the ash (Veniaminof [1840] 1984:109).  Burial will also cover grasses, 
sedges and other non-woody plants, though most grasses and herbaceous species have the ability 
to grow through a moderate deposition of tephra over the course of several years.  Shrubs and 
trees are less affected by moderate ash fall, though all vegetation would feel some negative effect 
from ash and volcanic acids on their leaves or needles.   
 A significant aspect of the Aniakchak eruption is the effect the high volume of sulfur in 
the eruption may have had on northern vegetation.  All plants had the potential to have been 
negatively impacted by the sulfur component of the eruption, either from the presence of sulfur 
in the air (sulfur dioxide), in rainwater (sulfuric acid) or in the ash itself.  Sulfuric acid is the 
most common product of erupted or atmospheric sulfur.   Sulfuric acid from the Aniakchak 
eruption would have caused burns on leaves and otherwise hindered plant growth.   
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Lichens are the group of plants most sensitive to sulfuric acid rain, as proven by the many 
studies charting the effects on vegetation of air and water pollution derived from high-sulfur 
coal.  Of these lichens, the fructose lichens, which include the Cladina species (the reindeer 
lichen), are the most sensitive to sulfur products (Wetmore 1981).  Sulfur dioxide and sulfuric 
acid kill the algae half of the algae/fungi symbiosis, stopping the lichen‘s production of 
carbohydrates (Moser 1981:67-72).  These same lichens are the primary winter forage for 
caribou and reindeer across western and northwestern Alaska.  Lichens make up a substantial 
majority of the winter diet for most caribou, providing a relatively high carbohydrate source 
(Skoog 1968: 179).   
Lichens are also notable because of their long recovery time when impacted by 
ecological disturbances like fire.  Biologists calculate that areas of burned lichen in Alaska will 
see little caribou use for an average of 80 years (Rupp et al. 2006), with lichen recovery on the 
Seward Peninsula taking approximately 100 years (Scotter 1970). Full recovery of lichen after 
fire in some Arctic locations with continental climates may take up to 200 years (Jandt and 
Meyers 2000:1).  Consequently, a high sulfur volcanic eruption that spreads sulfur-rich tephra 
and sulfuric acid rain over western Alaska has the potential to either kill lichen or substantially 
reduce their ability to manufacture carbohydrates over that region.  A massive pulse of acid rain 
or other sulfur product that killed lichen across western Alaska would leave vast regions lacking 
winter forage to support caribou populations.  We are seeing this currently happen in Siberia, 
where acid rain from fossil fuels has reduced lichen in some regions to 2% of previous levels, 
negatively impacting reindeer herds (Klein and Vlasova 1991; Tinker 2006).   
 The Aniakchak ash fall would have had a negative impact on all species beneath it.  
Virtually all animals suffer eye damage, ash inhalation, and the degradation of food resources 
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from ash falls. Large grazing mammals are especially vulnerable to ash fall and associated 
products.  Grazers, like caribou, are more inclined to inhale ash because their nostrils are close to 
the ash surface much of the time.  Low grazers like caribou ingest considerable quantities of ash 
as they graze, reducing food intake, inhibiting digestion, and wearing down teeth.  Ash ingestion 
alone is deadly for caribou: high reindeer mortality has been reported in Kamchatka after the 
reindeer ingested volcanic ash while grazing (RAIPON and UNEP 2006).  Sulfur, fluorine, 
chlorine, and other elements present in eruptions can poison animals through ingestion in food, 
air or water.  Ruminants including deer, and presumably caribou, are susceptible to 
polioencephalomalacia (PEM), a type of sulfur poisoning, where ingestion of sizeable amounts 
of sulfur can rapidly progress from disorientation and blindness to death (Canadian Cooperative 
Wildlife Health Center 2001/2002; Gould 1998; Gregory and Neall 1996).  Living in an ash-
covered environment would place most species, and particularly caribou, in a stressful situation.  
Animal vitality would be down, calf production and survival would be down, and lifespan would 
be reduced (Layne Adams, personal communication 2006).  Summer grazing would have been 
negatively impacted by plant burial from ash as well as acid damage to leaves, but winter forage 
would have been way down, with important lichen species either of little food value or 
unavailable.  This combination of factors would put caribou populations living under the 
Aniakchak ash fall in a downward spiral.  The probable result would be the extirpation of 
caribou from most of western Alaska.   
 Ash fall effects on fish populations are more difficult to predict.  Ash and sulfur are 
deleterious to all fish.  The main variable in this situation is quantity: how much ash and sulfur 
did the Aniakchak eruption deposit on western Alaska?  The northern coast of Bristol Bay 
received >15 cm of ash, with this amount decreasing as one progresses north.  Sulfur effects 
263 
would increase as one progresses north, with the greatest concentration of sulfuric acid in 
northwestern Alaska.  Salmon species would be mainly affected by ash and sulfur in their first 
year or two of life in the home stream or lake, with an additional but lesser effect when they 
returned to spawn.  Thus, adult salmon runs may decrease in the first year, with little negative 
effects in the second and third year.  Areas impacted by volcanic acids would see a decrease in 
returns in the fourth year, while those impacted by heavy ash fall probably see decreased returns 
by the fourth year and for a number of years thereafter (Eicher and Rounsefell 1957).  Fish in 
deep lakes may see little effects from ash fall or acid concentrations, due to dilution in the large 
volume of water.  The greatest negative effects of volcanic products on fish, particular non-
anadromous fish, would be found in shallow lakes with large catchment basins and no outlets, 
causing the lake to collect the ash and sulfur but not able to flush it out.  Land-locked fish are the 
group most vulnerable to eradication without replacement, as their original presence in the lake 
was because of some changed geomorphic condition or accident of nature.  High concentrations 
of volcanic acids or toxic minerals could eliminate these local fish populations, with no regular 
mechanism for species replacement.   
The Aniakchak ash fall affected a vast region: not just a valley or two, as with a small 
volcanic eruption, but a number of eco-regions.  The size of the region affected by catastrophic 
volcanism is particularly important when the impacting effect is dire enough to eradicate a 
species, or suite of species, requiring recolonization from outside the impacted region.  
Pyroclastic flows have such profound effects because they eradicate all plant and animal species, 
requiring recolonization from outside the impacted area.  Ash fall has the potential to have a 
similar effect if it is either deep enough to kill species by burial, or contains enough toxic 
elements (sulfur, fluorine, aluminum, etc.) to uniformly poison all of a species.  Plant species that 
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are slowest to colonize are those like lichen and alder that require either a fragment of 
themselves or a heavy seed to blow in from outside the impacted region.  Animal and fish 
species most affected by this situation are similarly those that either have limited mobility, and 
thus slower recolonization ability, like land-locked fish, or those species that rely on an 
eradicated species.  The Aniakchak 3400 rcy B.P. ash fall would have decimated lichen and 
extirpated or driven out the caribou formerly resident in western Alaska.  Those caribou that 
could find their way out of the ash fall would have moved into central Alaska, possibly joining 
any survivors of the Alaska Peninsula herd, and increasing caribou populations in the 
volcanically un-impacted regions from Brooks Lake north.  A high acid spike in lakes and 
streams under the ash fall would have negatively impacted fish populations, with the greatest 
impact on those that would not be restocked from the sea.  These conditions (large size, dramatic 
effects) appear to have been true with the Aniakchak ash fall, particularly in relation to its effects 
on lichen, caribou, and possibly non-anadromous fish.   
Marine Effects 
The main effect of the Aniakchak 3400 rcy B.P. ash fall on the marine environment off 
western Alaska was due to the increased sediment load brought down Alaskan rivers.  Increased 
stream sediment into the Bering Sea would have been picked up by longshore transport and 
carried northward, making the seacoasts north of major rivers less productive environments.  
Archaeological researchers in Japan have recorded similar effects in ash falls on coastal 
environments.  Machida and Sugiyama (2002:320) observed a ―…conspicuous decline in the size 
and number of shells immediately after the (7280 B.P.) Kikai eruption‖.  These shells were 
recovered from shell mound archaeological sites in central Honshu, located many hundreds of 
kilometers northeast of the Kikai Volcano.  This effect appears to be due to the air fall tephra as 
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well as massive pulses of sediment into the nearshore environment from ash-laden rivers and 
streams (Machida and Sugiyama 2002).  
The sediment load and volcanic acids from the Aniakchak 3400 rcy B.P. ash fall off 
western Alaska probably had little effect on most of the Bering Sea biota, and what effect there 
was would have been relatively short term for most marine environments.  Deep-sea fish would 
have been briefly affected, particularly in the areas where ash fall was light.  Sea mammals in 
Bristol Bay where the ash fall was heavy would have physically suffered from the ash, and 
experienced a drop in food resources, but presumably would have rebounded.  Near-shore and 
intertidal species would have suffered most from the increased sediment and abrasive nature of 
the ash, as well as the tsunami that swept across northern Bristol Bay.  Outside of the river 
mouths in northern Bristol Bay and the Kuskokwim region, though, which would have disgorged 
increased sediment loads for a number of years, the marine impact of the Aniakchak eruption 
would have been a very short-term effect.   
Distal eruptive products can have profound short-term biological effects, enough to 
heavily impact vegetation and move or extirpate species important to human subsistence 
(caribou) from a vast region.  The lack of caribou after the Aniakchak eruption forced the AST 
population to move from the region covered by the ash and sulfur.  If a key vegetation type like 
lichen is very slow to recover, then the caribou that depend upon them will not repopulate the 
region until the lichen sufficiently recover (>100 years).  The area with depleted resources 
(western Alaska) then becomes a barrier to settlement and cultural contact, just as the region did 
on the Alaska Peninsula that was impacted by pyroclastic flows, lahars, and heavy tephra.  
Consequently, the ash and sulfur fallout over western Alaska at 3400 rcy B.P. from the 
Aniakchak eruption may have not only pushed people from the region, but kept them away for a 
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considerable period, adding to the cultural dead zone that separated human populations in 
northern and southern Alaska.  
Cultural Effects of Fourth Millennium B.P. Alaska Peninsula Volcanism 
For ordinary human beings…the blink of an archaeologist‘s eye-a century-represents 
three generations.  A year, in terms of survival, is a very long time‖ (Lydia Black, 
1981:315, noting the negative effects of volcanism on traditional Aleutian populations; 
emphasis in original). 
Few sites are known on the Alaska Peninsula that date before the fourth millennium B.P.  
What is known shows that similar marine-adapted populations were utilizing northern and 
southern sections of the Pacific coast of the Alaska Peninsula by 5000 rcy B.P.  In spite of this, 
no sites on either coast of the Alaska Peninsula between Cold Bay and the Katmai coast predate 
4000 rcy B.P.  This could be because 1) most of this coastline was relatively resource poor from 
constant volcanism or other causes; 2) there were occupations on these coasts, and they have 
been destroyed or deeply buried by later volcanism; or 3) the few systematic surveys conducted 
in this region have yet to find early archaeological site locations.  The bearers of the Arctic Small 
Tool tradition moved down from the north to inhabit the Kenai Peninsula by 4,000 rcy B.P.  
They moved into the interior of the northern Alaska Peninsula and the region north of Bristol 
Bay between 3900 and 3600 rcy B.P.  The Arctic Small Tool population was more terrestrially 
adapted than their Ocean Bay contemporaries, apparently relying on the hunting of caribou, seal 
and salmon (presumably by spearing fish in a weir) augmented in northern Alaska by other 
available resources like lake fish (Dumond 1987a, 2001b, 2004).  Arctic Small Tool populations 
were present before 3800 rcy B.P. at the Ugashik Narrows (Henn 1978), by 3600 rcy B.P. at 
Brooks River (Dumond 1981), and shortly after this at the outlet of Lake Beverley, one of the 
lakes in the Wood River Lake system (DePew and Biddle 2006).  At approximately 3700 rcy 
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B.P. the Veniaminof Volcano erupts > 50 km³ of tephra and pyroclastic flows.  At 3400 rcy B.P. 
the Aniakchak Volcano erupts >69 km³ of ash and pyroclastic flows. The rest of this chapter 
focuses on the cultural effects of these volcanic eruptions.   
The Aniakchak and Veniaminof eruptions of the fourth millennium B.P. were two of the 
largest volcanic eruptions in the active Eastern Aleutian Arc during the Holocene (Miller and 
Smith 1987).  Together with Black Peak these eruptions impacted many 1000‘s of square 
kilometers with pyroclastic flows, lahars, and thick ash fall.  Pyroclastic flows and lahars are the 
volcanic products that inflict the greatest mortality on human populations.  What were the human 
ramifications of (the proximal effects of) these eruptions, particularly the Aniakchak and 
Veniaminof eruptions?  Were there human populations directly impacted by these events?   
 To be directly impacted by proximal volcanic products from the Aniakchak and 
Veniaminof eruptions, humans had to be living on the central Alaska Peninsula, either in the 
interior or along the coast, or along the northern coast of Bristol Bay.  Both coasts of the Alaska 
Peninsula would have been affected by the eruptions, the Bering Sea side more than the Pacific 
side.  The Aleutian Range runs down the southern side of the peninsula, and would have shielded 
the Pacific side from some effects of these eruptions.  Pyroclastic flows and lahars would have 
impacted the Pacific coast where they came down valleys and through mountain passes to the 
Pacific Ocean.  These would have impacted embayments from Stepovak Bay in the southwest to 
Aniakchak Bay, 170 km to the northeast.  The Bering Sea plain was more open to impacts from 
these eruptions, particularly the pyroclastic flows, which are known to have reached the Bering 
Sea from both eruptions.  Flows from the Aniakchak eruption traveled 80 km out onto the Bering 
Sea plain.  Over 250 km of the Bering Sea coast would have been impacted by flows, lahars and 
increased sediment, from Port Moller in the south to the Ugashik embayment in the north.  The 
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only known human occupations on the central peninsula at the time of the Aniakchak eruption 
were at the Hot Springs site in Port Moller to the southwest, and at the Ugashik Narrows 
(between Upper and Lower Ugashik Lake) to the northeast.  It is possible that human groups 
may have lived under the footprint covered by the fourth millennium B.P. pyroclastic flows and 
lahars, but if so the evidence is deeply buried and has yet to be found. 
 Human groups probably had some warning signs before these eruptions took place.  
Earthquakes may have shaken the ground for days before.  Smaller eruptions may have preceded 
the major ones.  If the populations had oral histories telling of these warning signs and their 
impending danger they may have known to leave the region in time.  Populations living on the 
Bering Sea side of the peninsula near these volcanoes would have been the ones most in peril.  
To survive, resident had to have vacated the region before the eruptions or they would have 
perished, as no one could have outrun or out-paddled the pyroclastic flows and lahars, though 
kayakers may have survived the tsunami generated by the Aniakchak pyroclastic flow impacting 
the Bering Sea. 
The high temperature, high-speed pyroclastic flows would have been especially deadly.  
The energy and velocity of the pyroclastic flows coming from these eruptions could have been 
augmented by secondary explosions that took place when superheated blocks of lithic material 
entrained in these flows encountered water bodies including marshes, rivers, lakes and the 
adjoining oceans.  This appears to have happened during the May 1980 eruption of Mount St. 
Helens, where blocks of the dacite cryptodome from the magmatic center of the volcano were 
entrained in the avalanche and carried to the Toutle River valley and Spirit Lake.  This explosion 
or series of explosions increased the speed of the pyroclastic surge from 90 meters per second to 
150 meters per second (Moore and Rice 1984:134).  Judging from the area where trees were 
269 
blown down and vegetation seared (Moore and Rice 1984:135, Figure 10.2), this explosion 
probably considerably increased the distance the surge blast effects were felt.  If these kinds of 
secondary explosions took place as the pyroclastic flow from the Aniakchak eruption flowed 
north and south along the peninsula, it could have increased the blast effects felt by wildlife and 
humans, possibly extending these effects north to the cultural occupation at the Ugashik Lakes. 
In 1979 William Workman suggested a series of cultural effects that could be expected as 
a consequence of a major volcanic eruption.  They included a) abandonment of an area, with 
breaks in the local archaeological sequence; b) intrusive appearance of cultural complexes or 
traits derived from the affected area in the peripheries; and c) evidence of intensified regional 
contacts synchronous with the volcanic event in question. Evidence against substantial cultural 
impact from volcanism would include immediate reoccupation of affected sites without 
recognizable cultural breaks (Workman 1979:366).  We see no evidence of immediate 
reoccupation of sites in the region after the Aniakchak 3400 rcy B.P. eruption, and evidence for 
all three of Workman‘s proposed cultural effects radiating out across southern, western, and 
northwestern Alaska. 
Initial Cultural Effects of Fourth Millennium B.P. Volcanism 
Southern Alaska Peninsula 
 The massive Veniaminof 3700 rcy B.P. eruption was the largest Holocene eruption in this 
section of the Alaska Peninsula.  At approximately 3700 rcy B.P. on the lower central peninsula, 
to the south of Mount Veniaminof, the Shumagin Islands see their first evidence of human 
occupation.  The outer Shumagin Islands, away from the Alaska Peninsula, are occupied before 
the inner islands, with the four outer-most islands occupied between 3700 and 3500 rcy B.P. 
(Johnson 1988, 2002; Johnson and Winslow 1991).  The geomorphic record in the Shumagin 
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Islands shows that this is also the approximate timing of a major tectonic event, which resulted in 
uplifted beach terraces on the islands (Johnson 2002).  Volcanic eruptions are often triggered by 
large seismic events, and also generate considerable seismic activity.  It seems likely that seismic 
activity and population movements in the vicinity of the Veniaminof volcano at 3700 rcy B.P. 
would be related to the Veniaminof eruption.  Johnson, the Shumagin researcher, notes that ―it 
would seem that there was a reservoir of people outside the Shumagin Islands who were eager to 
move into this new real estate, either because their initial occupation locales were overcrowded 
or because these locales had been disrupted rather than enhanced by the seismic activity 
(Johnson 2002: 201).   
At nearly the same time on the north side of the Alaska Peninsula roughly opposite the 
Shumagin Islands a marine-adapted population becomes established at the Hot Springs site in 
Port Moller (Maschner 2004a; Okada 1980).  The early Hot Springs occupation may be related to 
the Moffet Phase populations from the Izembek and Moffett lagoons on the Bering Sea side of 
the lower Alaska Peninsula (Maschner 1999b), or may have some connection to the 
contemporary occupants of the Shumagin Islands, who could have traveled across a portage 13.5 
km from the Pacific Ocean through connecting valleys to reach the Port Moller embayment. 
 The large Aniakchak caldera-forming eruption took place at 3400 rcy B.P, with much 
associated change in human occupation (see Figure 3.1).  One of these distinctive changes in 
populations is the intrusion of a cultural group south of the area impacted by the Aniakchak 
pyroclastic flow (Figure 9.19).  The Hot Springs site, 180 km down the peninsula from 
Aniakchak, exhibits a change in artifact assemblage that includes small, finely made bifacial 
technology indicating interaction or amalgamation with the Arctic Small Tool tradition (ASTt).  
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Stratigraphic horizons at the Hot Springs site with these cultural materials date to 3200-3300 rcy 
B.P. (Maschner 2004a), just after the date of the Aniakchak eruption
17
.   
A village of ASTt-descended inhabitants is also found on the lower Alaska Peninsula.  
The Russell Creek site is located on the Pacific side of the peninsula in Cold Bay, 190 km west-
southwest of the Hot Springs site.  With its ASTt box hearths and small end blades, and dates 
between 3100-3200 rcy B.P, the Russell Creek site is chronologically synchronous with or 
comes just after the ASTt horizon at the Hot Springs site (Maschner 1999b; Maschner and 
Jordan 2001).  Both the Port Moller and Russell Creek occupations exhibit a combination of 
Lower Peninsula fishing and marine hunting technological traits with the ASTt materials.  The 
Russell Creek phase added artifacts including a type of bone harpoon, stone lamps (for burning 
seal oil) and plummet stones (for deep-sea fishing) to the ASTt pattern.  Faunal evidence shows 
occupants at Russell Creek placed considerable reliance on deep-sea fish (cod), an otherwise 
non-ASTt adaptation.  A series of ASTt traits continues out into the Aleutian Islands after the 
termination of the Russell Creek occupation, though the amount of accompanying gene flow is 
open to debate (Dumond 2001b; Maschner 1999b; Maschner and Jordan 2001).   
 Recent site survey in the Nelson Lagoon and adjacent coastline south of the Port Moller 
embayment also shows initial human occupation at or just after the Aniakchak eruption.  The 
oldest date in the region was recovered from a large village (NL2004x29) at Coast Lake, a 
former section of seacoast probably isolated from the sea sometime after village occupation.  
This site, which consists of over 150 variously sized surface depressions, returned a single date 
of 3310±40 rcy B.P. (Knudsen 2005).  The site is not connected to the main 
                                                 
17
 Some researchers have expressed doubts about an ASTt component at Port Moller (Dumond 
2005a; Workman and Zollars 2002), and there is some suggestion that ASTt point technology 
(and the bow and arrow?) may be present before 3,200-3,300 rcy B.P. (Dumond 2001b). 
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David/Caribou/Sapsuk river system, important for its large sockeye salmon runs, but it may have 
been within a few kilometers of the river when occupied.  Another site (nl2004x15), located 
south of Coast Lake up the Caribou River, consists of two clusters of small circular houses, and 
is represented by a date of 3145±40 rcy B.P.  This is the oldest site in the embayment situated on 
a river system.  Site location suggests that resource utilization at this site was focused on salmon 
exploitation (Knudsen 2005).  The size of the region to be surveyed did not allow time for more 
testing to determine cultural affiliation at these sites.  Presence of some larger houses at Coast 
Lake village suggests a possible cultural affiliation with the early Hot Springs or lower peninsula 
Moffet Phase populations, while the small houses and temporal contemporaneity of nl2004x15 
suggests possible affiliation with the Russell Creek, ASTt-related populations.  Hopefully future 
testing at these two sites will resolve this issue. 
Northwestern Alaska Peninsula and Southern Bering Sea 
One of Workman‘s postulated cultural effects is abandonment of a region and a 
subsequent break in the archaeological sequence.  These effects are present in the disappearance 
of ASTt occupations north and northwest of the Aniakchak caldera after the 3400 rcy B.P. 
eruption (Figure 9.20).  The ASTt derived Hilltop phase at the Ugashik Narrows, 105 km 
northeast of Aniakchak, has a terminal date of 3460±75 rcy B.P. (Henn 1978:12).  It is possible 
that the occupation at Ugashik Narrows could have been extirpated by the 3400 rcy B.P. 
eruption, possibly by associated flow and surge effects.  This occupation is capped by a tephra 
(Ash 3) that has tentatively identified as the Aniakchak 3400 rcy B.P. tephra (James Riehle, 
personal communication 2003) though it could also be the post-3000 rcy B.P. tephra found at 
Brooks River (Dumond 2004).  If Ash 3 is the Aniakchak ash, the ash fall itself could have been 
the reason for site abandonment.  Occupations at the narrows appeared to rely primarily on a mix 
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of fishing and hunting of caribou at the natural ford there (Henn 1978:8).  The ash fall would 
have caused caribou to abandon the region, removing that resource and making a move 
necessary. 
Another ASTt occupation probably truncated by the 3400 rcy B.P. ash fall is located 295 
km north of the Aniakchak caldera on the edge of the Bristol Bay lowlands.  The Samuelson Site 
(DIL-143) is located on a low terrace where Lake Beverly empties into the Agulukpuk River 
(DePew and Biddle 2006).  The ASTt assemblage was made up of slab-lined hearths, end blades, 
scrapers and microblades.  A suite of four dates from the ASTt component ranged between 
3450±60 and 3540±90 rcy B.P, with an averaged date of 3483±29 rcy B.P.  One outlier date of 
3220±80 rcy B.P. was also recovered from the Samuelson Site, which the authors noted as being 
problematic as to component assignment (DePew and Biddle 2006:17). 
 The main location on the northern Alaska Peninsula where the ASTt lasted beyond the 
Aniakchak eruption is 225 km northeast of the caldera at Brooks River.  Brooks River is a short, 
2.4 km long river between Brooks Lake and Naknek Lake in the Katmai National Park and 
Preserve.  The river receives a considerable run of sockeye salmon every year, with current totals 
(15,000-30,000 salmon running the river into Brooks Lake, 50,000-100,000 salmon spawning 
and dying in the river) probably much reduced since the start of modern commercial fishing.  A 
series of 9 ASTt sites (locally called the Brooks River Gravels Phase) are found along raised 
terraces above the river.  A series of 11 dates for the ASTt occupation at Brooks River range 
from 3610±85 to 3052±250 rcy B.P. (Dumond 1981:11, 127, 128, 1998b, 2004).   The ASTt 
occupation at Brooks River is capped with a tephra (Ash F).  This tephra overlies eight ASTt-
associated radiocarbon samples dating younger than the Aniakchak eruption, showing that Ash F 
is not the Aniakchak eruption.  This is reasonable, since the Aniakchak tephra plume trended to 
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the northwest, and Brooks River is several hundred km northeast of the caldera.  The Aniakchak 
ash fall did not directly impact the Brooks River region, leaving in place the salmon runs and 
local caribou herds.  Regions like Brooks River may have actually have had an increase in 
caribou after the Aniakchak ash fall, as caribou fled ash-covered regions for unaffected areas.  
Consequently, Brooks River after the Aniakchak eruption would have been an ecological 
hotspot—an area with bunched resources that were very attractive for a hunting and weir-fishing 
population like the ASTt.  The archaeological record appears to bear this out, with populations at 
Brooks River seeming fairly high for an interior setting.  At least 65 ASTt house depressions are 
known from Brooks River, but Dumond notes that judging from subsurface testing at the ASTt 
sites a figure of at least 200 ASTt dwellings is still very conservative (1981:128).  Brooks River 
may have been a refugium for an ASTt population that continued a terrestrial hunting/fishing 
adaptation.  This occupation appears to continue until capped with Ash F sometime after 3100 
rcy B.P, at which point the last classic ASTt population in southern Alaska disappears. 
 Two other regional locations besides Brooks River have ASTt occupations that postdate 
the Aniakchak 3400 rcy B.P. eruption, though only slightly.  One of these is an ASTt occupation 
at Igiugig, 295 km north-northeast of the Aniakchak caldera at the outlet of Lake Iliamna.  
Cultural materials from a site that included a slab-lined hearth, microblade cores, microblades 
and other characteristic ASTt tools were associated with a date of 3350±60 rcy B.P. (Holmes and 
McMahan 1996:20).  Like Brooks River, this site had caribou regionally available, seals resident 
in Lake Iliamna, and salmon available in the adjacent clear-water river, though the Kvichak 
River may have been too large for practical weir fishing.  Igiugig may also have been outside the 
Aniakchak ash fall as well. 
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 A third location north of the Aniakchak Caldera with a post 3400 rcy B.P. date is the 
occupation on Round Island, or Qayassiq (―place to go in a kayak‖), 215 km north-northwest of 
the Aniakchak caldera.  A single test pit at the site of XNB-043 on the northern side of the island 
uncovered dateable material and flaked stone in a compact surface of micro-debitage.  This 
occupation is presumed to be ASTt on the basis of a side blade and radiocarbon sample dating to 
3350±40 rcy B.P. (Schaaf et al. 2007).  The island is currently vegetated mainly by grasses and 
herbs, so it is possible that the radiocarbon sample came from driftwood.  Considering the time 
lag from living tree to utilized driftwood log, and the question of where in the tree‘s rings the 
radiocarbon sample came from, the sample could date an occupation anywhere from a few years 
after the death of the tree to a century or more later.  Consequently, the occupation is just as 
likely to predate the Aniakchak ash fall.  Round Island must have received at least 15-20 cm of 
volcanic ash from the Aniakchak eruption, making it inhospitable for a time.  Presumably the ash 
eroded rapidly on the steep-sided island, and the large walrus, sea lion and seabird populations 
that occupy the island recovered in a period of years to decades.  This suggests that sometime 
around the time of the Aniakchak eruption, a marine-mobile population, presumably ASTt 
related, was hunting pinnipeds and birds in northern Bristol Bay, something that we have no 
other evidence of.  This site is very significant, as it dates the only marine-related occupation at 
this time in the Bering Sea, north of the dead zone left by the Aniakchak and Veniaminof 
volcanoes.  If this occupation is capped by the Aniakchak eruption, it may signal the end of a 
hitherto unknown marine-adapted occupation in northern Bristol Bay.  If this component post-
dates the Aniakchak eruption, it may be evidence for a seasonal marine hunting occupation 
related to the post-eruption Brooks River ASTt occupation, or a movement of coastal-adapted 
people off the volcanically impacted mainland after the eruption. 
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Northeastern Alaska Peninsula and Kodiak Island 
 Maritime-adapted populations on the Pacific side of the Alaska Peninsula north of 
Aniakchak were also affected by the fourth millennium B.P. volcanic activity.  Archaeological 
sites on the upper Alaska Peninsula coast and the Kodiak archipelago are stratified with 
numerous ash layers.  One of these, a tephra that fell in the 4
th
 millennium B.P, may have had a 
dramatic effect on the cultural dynamics of the Kodiak archipelago. 
Occupations on the northern Pacific coast of Alaska and in the Kodiak archipelago in the 
5
th
 millennium B.P. were part of the Ocean Bay tradition, a cultural adaptation focused on 
marine mammal hunting and river mouth and nearshore fishing.  On Kodiak Island the Ocean 
Bay tradition terminates approximately 3800 rcy B.P, with Ocean Bay components capped by a 
light colored tephra.  Cultural deposits from the Early Kachemak tradition, an adaptation focused 
on the intensive harvesting and storage of salmon and marine fish, are found above the tephra 
(Clark 1997:68, 71; Knecht 1995:107; Saltonstall and Steffian 2006).  Current researchers 
attribute the transition from Ocean Bay to Kachemak to a mix of over harvesting of marine 
mammals and a climatic downturn (Steffian et al. 2006).  Researchers on Kodiak have noted that 
the tephra may have had significant cultural effects (Fitzhugh 1996:217; Knecht 1995:107), 
though its main significance is seen as a marker horizon.   
Is this tephra just a convenient marker horizon, or did it have a significant effect on the 
Ocean Bay occupation?  We can address this question by looking at the available evidence for 
the depth of tephra across the region, and comparing this to the dates for the end of the Ocean 
Bay culture and the start of the Early Kachemak culture.  Knecht (1995; 107) reports that 40 cm 
of tephra separates Ocean Bay and Early Kachemak horizons in sites near Karluk Lagoon on the 
southwestern side of Kodiak Island, adjacent to the Alaska Peninsula and its many volcanoes.  
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What appears to be this same tephra is approximately 6 cm thick at a site on the Afognak River 
(AFG-088), which lies about 110 km to the northeast (Clark 1997:71).      
It appears that the Ocean Bay occupation completely drops out of the regional 
archaeological sequence in the southwestern and central part of the Kodiak archipelago, with a 
hiatus between it and the later Kachemak occupation.  On Afognak Island in the northeastern 
part of the archipelago this pattern changes, and Ocean Bay transitions into Early Kachemak.  
Two sites on Afognak Island, Malina Creek (AFG-005) and Afognak River (AFG-088), appear 
to have transitional assemblages between Ocean Bay and Kachemak.  At Malina Creek a 
volcanic ash capped an Ocean Bay layer, with transitional deposits between Ocean Bay and 
Early Kachemak found above the ash (Clark 1997:68).  At Afognak River the transitional 
assemblage was found above the ash, with no prior Ocean Bay below, though an Ocean Bay site 
is located down river (Clark 1997: 73).  Basal dates for the bottom of the transitional assemblage 
at Afognak River (3490±90 and 3530±80 rcy B.P: Clark 1997:70-71) and an Ocean Bay date of 
3770±40 rcy B.P. at the Horseshoe Cove site (Saltonstall and Steffian 2006: 53, Table 6) provide 
bracketing dates for the regional ash fall.  Occupation dates above the ash show that reoccupation 
after the ash fall appears to happen first in the northeastern region where the thinner ash falls and 
transitional assemblages are found, and then later as one moves to the southwest and the thicker 
tephra deposits.  This suggests that a heavy ash fall (≥40 cm on western Kodiak Island) between 
3500 and 3800 rcy B.P. caused enough of a loss in the subsistence resources utilized by Ocean 
Bay populations to force them to move from the western to the northeastern region of the Kodiak 
archipelago.  In the northeastern region increased populations needed to find a way to survive on 
volcanically impacted resources.  Transitional assemblages in the northeast show the evolution 
away from a reliance upon marine mammals and near-shore resources to an adaptation that 
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focused partly on deep sea and river fishing (with nets) and fish preservation by smoking 
(Steffian et al. 2006).  This population appears to have devised ways to catch and store resources 
that were seasonally available in very high numbers (particularly river-run salmon).  This 
adaptation spread back south across the Kodiak archipelago as the Kachemak tradition.   
The ash fall could have been from the Aniakchak volcano, which had at least 10 
eruptions in the several centuries before the 3400 rcy B.P. eruption (Neal et al. 2001: 4; Riehle et 
al. 1999).  It may also have come from Veniaminof or (less likely) Kaguyak volcano, both of 
which had large eruptions between 3500-3800 rcy B.P. (Riehle et al. 1998), or from another of 
the Alaska Peninsula volcanoes. 
 The hypothesis presented here attributing the primary impetus for the transition from 
Ocean Bay to Kachemak to an ash fall is suggested by a small series of data points, which fits the 
data well, but is highly speculative.  No testing has been done to determine if the Karluk ash and 
Afognak ash horizons that underlie Kachemak assemblages are from the same eruption.  
Radiocarbon dates for the earliest Kachemak horizons suggest time transgressive cultural 
changes, with earliest occupations in the eastern Kodiak archipelago and later ones to the west, 
but suffer from the weakness inherent in identifying and accurately dating the first occurrence of 
an event.  Reported ash thickness is highly variable in sites across Kodiak, due in part to 
geomorphic setting and environmental conditions following ash deposition.  One location in 
particular has a very thin ash horizon separating the two occupations, suggesting at first that 
there would have been few ecological consequences of the eruption.  This same site, the 
Horseshoe Cove Site, is in an area that probably received substantial ash deposition.  An 
examination of the geomorphic setting, though, shows the site is located on a narrow rocky 
promontory, a landform that would rapidly shed most ash.  The Katmai ash is 20 cm thick in the 
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Horseshoe Cove stratigraphic profile, after ~45 cm falling on this section of coast (Griggs 1922; 
Saltonstall and Steffian 2006:39).  
 Researchers analyzing the prehistory of Kodiak may be inclined to dismiss the effects of 
ash fall on human populations, as their recent analog (the 1912 Katmai eruption) suggests that 30 
cm of tephra fall may have little effect on human populations.  We must remember, though, that 
in 1912 the Kodiak archipelago was supplied by western foodstuffs imported by modern vessels, 
and supported by modern ocean fishing methods for salmon and deep-sea fish.  This is not the 
same situation confronting post-eruption Ocean Bay populations.  While marine resources 
recover much faster than terrestrial resources, they are still impacted by tephra fall.  The 
accounts from the Katmai eruption note these impacts, though not always how much impact, or 
for how long.   
The importance of terrestrial plant resources is often underestimated when considering 
subsistence strategies in coastal environments.  Nutrients from berries and tubers were critical for 
long-term health.  Even the short-term loss of these resources, and the animals that relied on 
them, may have been enough to move a people from a region.   
In conclusion, the archaeological and geological evidence suggests that a fourth 
millennium B.P. ash fall from an Alaska Peninsula volcano had a significant effect on Kodiak 
populations.   The ash fall may have been the primary reason for a radical series of subsistence 
changes and innovations in the Kodiak archipelago that transformed the marine hunters of the 
Ocean Bay tradition into the river and deep-sea fishers of the Kachemak tradition, thus beginning 
the intensive harvesting and seasonal storage utilizing the rich salmon runs that populate Kodiak 
rivers.    
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On the coast of the Katmai National Park and Preserve, archaeologists call the Ocean 
Bay-related population the Takli Alder and Birch Phases, and describe them as Ocean Bay-
related technological adaptations that lasted from ~6000 to 2800 rcy B.P. (Clark 1977:27; Clark 
2001b; Dumond 1987a).  In his seminal study of the prehistory of the Katmai coast, Clark 
(1977), divided the Takli Birch Phase into early and late sub-phases, with the transition between 
the two drawn at 3500 rcy B.P.  The reason for this division is not completely clear, but appears 
in large part to be from perceived similarities and differences with adjacent cultures, particularly 
the relationship between the Katmai coast and the Kodiak archipelago (Clark 1977:94-97).   The 
Takli Birch Ocean Bay-related technology does not appear to change as the Kodiak archipelago 
evolves from Ocean Bay to Early Kachemak.  This lack of perceived change on the Katmai coast 
may be due to a number of reasons.  Ocean Bay populations that left Kodiak Island for the 
Alaska Peninsula may have not overloaded the Katmai coast resources, and did not cause the 
radical period of innovation that took place on Kodiak.  Also, the upper Alaska Peninsula Pacific 
coast has no rivers with large salmon runs, so it did not have the high seasonally available 
resources amenable to increased utilization.  It is possible that the Katmai coast was less 
impacted by the same ash fall and the local Ocean Bay populations either rode it out or briefly 
left the area but then returned, and the temporal resolution of Clark‘s pioneering work does not 
show this.   The later alternative would not be surprising, as the 1700 year long Takli Birch 
Phase was delineated on just 4 radiocarbon dates (Clark 1977:97).  Thus the Takli Birch 
populations appear to have remained largely unchanged during the time of intensive change 
across Shelikof Strait (Clark 1977:95). 
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Population Movement up the Western Alaska Coast 
 Archaeological evidence suggests that the 3400 rcy BP occupation of the Ugashik 
Narrows ended with the Aniakchak eruption.  This population, and any other on the upper Bristol 
Bay coast, could have decided during the early stages of the eruption to evacuate, and so were 
not present for the surge and flow stages of the eruption.  But where would they go?  Populations 
north of the volcano had a line-of-sight view of the Aniakchak Volcano down the Bering Sea 
plain.  People who have been in major volcanic eruptions commonly state afterward that during 
the eruption they wondered if the event signaled the end of the world (Partnow 1992:197).  
These groups wouldn‘t have wondered.  To see the end of the world, all they had to do was feel 
the shaking of the ground, listen to the thunder, and look to the south.  Did these people head 
across land away from the eruption, with only what they could carry?  Or did they load up their 
boats with family, tools, food, and shelter, and paddle?  It seems highly unlikely that during a 
warm season eruption, when water travel is commonly the preferred means of travel, that a 
population would elect to evacuate away from a terrestrial threat on foot.  Likely any populations 
on the Bristol Bay coast north of Aniakchak loaded their families and whatever goods their boats 
could carry and paddled north up the coast. 
 Where would these evacuating populations go?  Would they stop in northern Bristol Bay 
and try to establish a village on the coast in a landscape thickly covered with ash?  Not after the 
tsunami caused by the Aniakchak pyroclastic flow washed over the northern Bristol Bay coast.  
Those left alive would be sure that leaving the region was their only option.  Would they paddle 
up one of the large rivers, flowing out of an ash-covered landscape, which by this time would 
have been disgorging tons of sediment a second in an ash-water slurry?  Or would they have kept 
paddling up the Bering Sea coast, through an environment that offered the chance of utilizing sea 
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mammals, waterfowl, and fish, ash-impacted though the coast was?  The only viable alternative 
for these people may have seemed to keep going northwest up the Bering Sea coast, hope the ash 
fall decreased, and try to find locations with clustered marine resources that could support year-
round occupations.    
 A view of western Alaska from space on Google Earth illustrates the impact of sediment 
on the western Alaska coast.  Sediment plumes are clearly visible at the mouths of major rivers, 
where longshore transport moves the sediment along the coast to the north and west.  Modern 
sediment plumes from the Kuskokwim and Yukon Rivers spread sediment across the entire 
Yukon-Kuskokwim coast, with a plume from the Yukon River flowing north across the western 
side of Norton Sound and wrapping around the western face of the Seward Peninsula.  Paddlers 
moving northwest along the coast after the Aniakchak eruption would be continually abreast of 
rivers dumping sediment from the vast ash fall into the Bering Sea, so would have been 
continually traveling in volcanic ash slurry.  These ash plumes would have been especially 
voluminous at the mouths of major rivers like the Kuskokwim and Yukon.  Sediment would have 
washed off ash-covered landscapes for the rest of that warm season after the eruption, and at 
least again the next spring with spring runoff.  How far would populations have to go to find un-
ash impacted areas?  The revised Aniakchak isopach (Figure 9.18) and Google Earth imagery 
suggest a long ways.  The region least impacted by longshore-transported sediment on the Bering 
Sea coast would have been along the eastern shores of Norton Sound, though the mainland 
behind would have been covered with a moderately thin (possibly 1.5-3 cm) layer of ash.  The 
Aniakchak isopach shows that the ash fall area probably covered all of the Bering Sea coast of 
Alaska.  To get away from the ash-covered area and the sediment plume from the Yukon and 
Kuskokwim rivers a group would have to move north of the Bering Strait.  
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 Do we see evidence for a northwestward movement along the Bering Sea coast of a 
maritime adapted population at or shortly after 3400 rcy B.P?  Possibly.  There are no reliably 
dated ASTt sites north of Bristol Bay and south of the Bering Strait that postdate the Aniakchak 
eruption.  Several coastal occupations north of the Bering Strait appear at or just after the 
Aniakchak eruption, and are much different from ASTt occupations.  The southernmost of these 
two occupations was located on one of the Cape Krusenstern beach ridges on the northern edge 
of Kotzebue Sound.  The occupation was called Old Whaling by its excavators because of its 
large flaked stone lance and harpoon blades, suggesting the hunting of large marine mammals 
(Giddings 1967:231).  This occupation is similar (though not identical) to the contemporary 
Devil‘s Gorge assemblage on Wrangell Island in the northern Chukchi Sea (Ackerman 1988).  
Both occupations relied on marine mammals and other species (Dikov 1988; Gerasimov et al. 
2006; Giddings and Anderson 1986: 231-267), but some researchers note that little evidence 
exists for the actual taking of whales by Old Whaling (Mason and Gerlach 1995).  Radiocarbon 
dates for the Old Whaling occupation range from 2470±150 to 3678±63 to rcy B.P. (Giddings 
and Anderson 1986), while the Devil‘s Gorge assemblage dates between 2851±50 to 3360±155 
rcy B.P. (Dikov 1988).  Dating resolution in these sites is complicated by the marine reservoir 
effect, where the inclusion of sea mammal fat or bone in the dated sample increases the age of 
the sample.  Accepted ages for the Old Whaling occupation vary between different researchers, 
ranging from ~3200 rcy B.P. (Giddings and Anderson 1986:32) to 3200-3000 rcy B.P. (Dumond 
2000, 2006) to ~2850 rcy B.P. (Mason and Gerlach 1995), depending upon which suite of dates 
one accepts.   
One researcher in particular has pointed out the similarity between artifact types found in 
the Old Whaling assemblage and those from the central Bering Sea coast of the Alaska 
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Peninsula.  Dumond (2000, see also Dumond and Bland 1995) notes similarities between the 
generalized oil lamps, flaked stone (in particular the lance-like points and broad-ended scrapers) 
and worked slate of Old Whaling, with artifacts from the Hot Springs collection at Port Moller.  
In this scenario Dumond asks if we could conceive of Eskimo and Aleuts as a single people 
―until about 1400 b.c.18, when their unity was ruptured as some not-now-understood cultural 
vigor began to send …ancestral Eskimo boatmen northward in the quest for sea mammals?‖ 
(2000:99).  He envisions boatloads of men and women from the Alaska Peninsula drawn north 
along the coast in quest of whales and walruses ―until they found themselves caught in the ice 
beyond Bering Strait, there to make to best of things‖ (Dumond 2000:99).  In this case Dumond 
postulates that the movement north was the pull of large sea mammals, fueled by ―cultural 
vigor‖.  A more likely scenario is a very big push: a catastrophic event that causes an ecological 
crash, forcing populations out of the impacted area and into a less affected or unaffected region.  
The Aniakchak 3400 rcy B.P. eruption is timed exactly right to be that push, driving marine-
adapted people from the Bristol Bay side of the Alaska Peninsula north around the ash-impacted 
Yukon-Kuskokwim delta and up through the Bering Strait (Figure 9.21). 
Demise of the Western ASTt 
 The ASTt in Alaska are believed to have been a largely terrestrially adapted hunting 
population (Dumond 1987a: 92).  The same researcher observed that Alaskan ASTt assemblages 
appear to positively correlate with the historic ranges of the major caribou herds (Dumond 
1998b), implying a reliance on this species.  Dumond has noted elsewhere that in considering the 
disappearance of ASTt in northern and southern Alaska,  ―…it seems as if the major resource 
base of the Small Tool peoples had been suddenly removed‖ (Dumond 1987a: 93).  The 
                                                 
18
 The use of b.c. denotes radiocarbon years before present (Dumond 2000: 100, note 3). 
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Aniakchak 3400 rcy B.P. eruption was demonstrably sufficient to remove caribou from the ASTt 
resource base. 
 As discussed in Chapter 7, both volcanic ash and the sulfur that can accompany it heavily 
impact caribou populations.  Caribou health is negatively impacted by ash inhalation and ash 
ingestion.  This is true in part because caribou are such low grazers, cropping lichen and other 
vegetation close to the ground‘s surface, and inhaling and ingesting considerable volcanic ash as 
a consequence.  Evidence from the Kamchatka Peninsula shows that reindeer herds suffered high 
mortality after being forced to graze in ash covered pastures.   
The Aniakchak eruption was the largest sulfur-producing eruption to impact the Arctic in 
the fourth millennium B.P.  Aniakchak ash would have contained considerably higher levels of 
sulfur than other eruptions for which we have historic accounts (i.e., Katmai, etc.) giving us no 
good modern Alaskan analogs to compare effects against.  Caribou and other ruminants are 
subject to polioencephalomalacia, or sulfur poisoning, where low levels cause loss of 
coordination and blindness, and higher levels are fatal.  Both sulfuric acid rain and burial by ash 
will kill lichen, the primary winter graze for caribou.  The combination of these effects would 
have extirpated caribou from western Alaska, and any ASTt populations that relied on them.  It 
may have also had a profound effect on northwest Alaska, as a sulfuric acid aerosol out beyond 
the edge of discernable ash fall would have killed or greatly reduced the carbohydrate-producing 
ability of lichen.  
 ASTt populations had to deal with another catastrophic effect along with the demise of 
the western Alaska caribou herds.  The large injection of sulfur into the stratosphere would have 
had a dramatic and almost immediate cooling effect on northern climates.  Comparisons to 
effects (Jacoby et al. 1999) and amount of sulfur produced by the 1783 Laki Fissure eruption 
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(Clausen et al. 1997) show that after the Aniakchak eruption northwest Alaska would have 
returned from its warm season to winter, and remained in a frozen state through most or all of the 
next one or two summers.  This would have required ASTt populations to rely on winter-
recoverable resources for >20 months, with their main resource (caribou) decimated by the 
volcanic winter and ash fall/sulfur effects.  The climatic effects of the Aniakchak eruption would 
have heavily impacted all Arctic and subarctic human populations, though only western and 
southwestern Alaska populations would have had to deal with climatic as well as proximal or 
distal eruptive effects.  The combination of the two was probably enough to extirpate most or all 
ASTt occupations in western Alaska, particularly those relying only on terrestrial resources.  
 An examination of terminal ASTt dates (summarized in Slaughter 2005) show that with 
the exception of several locations (the Brooks River sites from the upper Alaska Peninsula, Lake 
Beverly north of Bristol Bay, Iyatayet at Cape Denbigh in Norton Sound, and the Mosquito Lake 
sites in the northeastern foothills of the Brooks Range), and taking into account the dates that 
have been discarded as either contaminated, of questionable association, or deemed otherwise 
unacceptable, the youngest dates for dated ASTt sites in western Alaska range basically within 
two sigma of 3400 rcy B.P (Figure 9.22).  I have already briefly discussed the well-dated Brooks 
River region, which is the single Denbigh-like ASTt occupation in southwest Alaska that lasts 
through the eruption, with a terminal date of 3100 rcy B.P.  The single Lake Beverly date that is 
younger than the Aniakchak eruption (3220±80 rcy B.P.) may be an example of humic acid 
contamination, though a visit from an ASTt group from the Brooks River region several hundred 
years after the eruption is possible.   
The Iyatayet Site is located on Cape Denbigh, a peninsula that projects west into Norton 
Sound.  It is the type-site for the Denbigh Flint Complex (Giddings 1964), one of the earliest 
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recognized manifestations of the ASTt in Alaska.  The site includes nine dates for the ASTt 
occupation, including two dates younger than 3400 rcy B.P. (3290±290 and 3320±200 rcy B.P.).  
If an ASTt population were to survive the effects of the Aniakchak eruption anywhere in western 
Alaska south of the Bering Strait, Norton Sound would be the most likely region.  While the 
region would have experienced ~2-3 cm of tephra deposition, impacting caribou populations, 
Norton Sound would have offered people a variety of marine resources.  The Yukon River 
sediment plume would have affected eastern Norton Sound less than other regions of Western 
Alaska.  In this case, the existing data does not support a post-eruption ASTt occupation at 
Iyatayet.  The two younger dates lack creditability, as they have very large sigmas, and were part 
of a charcoal sample that also produced 4000 and 5000 B.P. dates.     
Mosquito Lake is located on the northern end of Atigun Pass in the northeastern Brooks 
Range.  The suite of six radiocarbon dates from Mosquito Lake appear to date an ASTt 
occupation that lasts from 3500 rcy B.P. until 2100 rcy B.P (Figure 9.23), though the youngest 
dates appear too young for ASTt.  Interestingly enough, the two earliest dates from Mosquito 
Lake are 3410±75 and 3515±160 rcy B.P.  After taking into account the large sigma of the oldest 
sample, the two dates could possibly date an occupation that starts at or just after the Aniakchak 
3400 rcy B.P. eruption.  Atigun Pass is a migration route for caribou passing seasonally back and 
forth from one side of the range to the other (Hemming 1971: Figures 2-5), and like other passes 
in the Brooks Range has produced ASTt sites (Irving 1953; Odess 2005).  If a cultural group 
relied on caribou for most of its subsistence, Atigun Pass would be one of the prime places in 
northeastern Alaska away from the Aniakchak ash fall to maintain that adaptation.  While 
caribou, lake fish, and other resources may have been negatively impacted by tephra and acid 
rain in western and northwestern Alaska, Atigun Pass would have retained these resources, as 
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well as other including Dall sheep (Dumond 2001b), ground squirrels and berries.  What is 
unclear is whether this region was actually a long-term refugium for an ASTt population that left 
western Alaska because of the 3400 rcy B.P. eruption.   
Long-Term Effects of Fourth Millennium B.P. Volcanism 
 The Alaska Peninsula volcanism of the 4
th
 millennium B.P, and particularly the 
Aniakchak 3400 rcy B.P. eruption, had a number of wide-ranging and long-term ecological 
effects.  The proximal effects of the Veniaminof, Black Peak and Aniakchak eruptions created a 
resource-poor dead zone on the central Alaska Peninsula that pushed people out and left a region 
of very low biological productivity, parts of which took over 1000 years to revegetate.  The 
Aniakchak eruption had the most far-reaching effects of the three eruptions, with its pyroclastic 
flow creating a large portion of the regional dead zone, and its ash fall covering virtually all of 
western Alaska.   The ecological effects of this same ash fall appear to be responsible for the 
extirpation of the ASTt populations in western Alaska, isolating surviving populations at Brooks 
River in southwest Alaska and in Atigun Pass and other mountain passes in northwest Alaska.  
The Aniakchak ash fall may have pushed a sub-arctic marine-adapted population from the 
central Alaska Peninsula coast north of the Bering Strait into an Arctic marine ecological zone, 
with this adaptation evolving over time into the Norton culture.   
While the heavily impacted areas of the Alaska Peninsula took over a millennium to 
recover, the ash fall in western Alaska formed a shorter-term barrier to reoccupation.  Locations 
in southwest Alaska vacated by ASTt are reoccupied 600-800 years later from the northwest by 
the Norton culture (Dumond 1987a: 107; Depew and Biddle 2006; Shaw 1989; 1998).  The long 
break in occupation in Western Alaska appears to be due to a mix of environmental and cultural 
factors.   The Aniakchak ash fall would have extirpated caribou from the region, and it may have 
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taken centuries for lichen populations to recover from the ash and sulfuric acid effects.  It seems 
reasonable, though, that within two or three centuries most of the region impacted by the ash fall 
would be able to support year-round populations of caribou.  Over centuries the Norton culture 
worked its way south, reoccupying western Alaska south of Bering Strait. 
Much of western Alaska is a region that neither a strictly ice-free marine nor an ice-
bound-coast marine-adapted culture can efficiently utilize (Yesner 1985).  What slowed the 
occupation of much of western Alaska, particularly the Yukon-Kuskokwim delta, may have been 
the lack of technological adaptations to utilize the massive seasonal salmon runs and clouds of 
migratory waterfowl that traverse the region.  The adoption or independent development of net 
technology during the Norton period appears to have been the technological key to efficient 
utilization of the region (Shaw 1982; 1983). 
 The central Alaska Peninsula dead zone continued to separate Bering Sea populations for 
half a millennium after Norton populations reached northern Bristol Bay.  The Pacific coast of 
the central peninsula during the third millennium B.P. would have been a region of greater 
resources than the Bristol Bay coast, so would have encouraged greater settlement, 
communication and trade.  A major cultural boundary on the central Pacific coast of the Alaska 
Peninsula was maintained by cultural conflict during the late prehistoric period (Johnson 1988).  
If this were the case as well in earlier times, between Kachemak and cultures from the lower 
Alaska Peninsula, it would have placed a cultural barrier on the Pacific coast where an ecological 
boundary existed on the Bering Sea coast. 
Summary 
We can learn a number of lessons from studying other major volcanic eruptions and 
comparing them to the Aniakchak 3400 rcy B.P. eruption.  An obvious one is that size matters.  
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Very large eruptions like the Mazama eruption impact very large areas, with concurrent 
ecological and cultural effects.  Very large impacts can cause long term ecological effects, as is 
witnessed by the deeper sections of the Mazama ash fall being considered its own biological 
province, and containing an area that is still unvegetated from the eruption approximately 7,700 
years ago.  Another lesson is the effect that landscape constraints (e.g., mountain ranges, 
northern seas) can have on how that landscape may be utilized by people.  Landscapes 
moderately impacted by volcanism may be evacuated for a span of time, possibly even for 
generations, and then reused as the conditions ameliorate, if populations can easily move into the 
region from adjacent, less impacted areas.  In such a case no break may be evident in the 
archaeological record.  A landscape confined by constraints, like the northern waters that 
constrain the Alaska Peninsula, make this a more difficult proposition.      
A comparison between the Mount St. Helens and Aniakchak eruptions shows, at 50 times 
the size, just how massive the Aniakchak eruption actually was.  The Ksudach eruption shows 
that even a small eruption in a northern climate can leave a large tephra-impacted area 
unvegetated for most of a century.    
The Valley of Ten Thousand Smokes, the pyroclastic flow emplaced by the 1912 Katmai 
eruption, is a good analog for the soil weathering and revegetation we would expect on the 
Aniakchak pyroclastic flow almost 100 years after its emplacement.  Other aspects of the Katmai 
eruption, though, are poor analogs for the Aniakchak eruption.  The Katmai eruption took place 
when modern fishing boats and fishing methods as well as store-bought foods could mitigate the 
impacts of heavy ash fall on the terrestrial and nearshore resources for Kodiak populations.  Not 
only was the Katmai eruption less than half the size of the Aniakchak eruption, but differences in 
eruptive products and direction of ash fall greatly under-represented the effects a large eruption 
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could have on the Alaska landscape and biota.   The pyroclastic flow from the Aniakchak 
eruption spread across a vast stretch of the Alaska Peninsula, versus the Katmai flow, which was 
confined to a single long, deep valley.  The Aniakchak ash fall impacted a vast region of sub-
arctic western Alaska, including whole terrestrial eco-regions.  The Katmai ash fall was 
deposited either on the Pacific Ocean or the relatively temperate Kodiak archipelago.  The 
Aniakchak eruption produced more than 6 times the amount of sulfur of the Katmai eruption, 
causing profound climatic cooling effects and producing a sulfur-rich ash fall that impacted 
lichen, caribou, and species including land-locked fish.   
 The pollen data from Cabin Bluff in Aniakchak Bay showed that catastrophic volcanic 
events restarted the process of revegetation there at least 3 times during the Holocene.  Abraded 
pollen grains show that more than once unstable volcanic substrates formed abrasive 
environments that resisted revegetation.  Dates on bulk soil samples suggest that it took 1000 to 
1400 years for substantial vegetational recovery.  Soil samples from Katmai and Aniakchak 
show that juvenile volcanic products have a low cation exchange capacity, low available 
nitrogen, and high pH, and thus low fertility.  Aniakchak testing locations, particularly those on 
the dryer Bristol Bay side of the peninsula, showed that cold, heavily wind-eroded sites with 
volcanic substrates have poorly developed soils similar to juvenile volcanic deposits.  Soil tests 
from the Cabin Bluff geologic section show that heavily weathered volcanic soils develop soil 
compounds that lock up needed minerals like phosphorus, leaving it unavailable for plants. 
 Multiple lines of evidence suggest the Aniakchak 3400 rcy B.P. eruption was a warm 
season (between May and September) eruption.  This would have caused a greater impact on 
most biota than a winter eruption, when snow and ice can buffer the impact on many plant and 
animal species.   
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 The proximal effects of the fourth millennium B.P. volcanism were dramatic, and left a 
large region in varying stages of ecological recovery for more than a millennium.  One surprising 
result of this analysis is the probable biological and cultural effects that the distal Aniakchak ash 
fall may have had.  To begin with, the Aniakchak 3400 rcy B.P. ash fall probably covered a 
substantially larger area than was previously represented (Begét et al. 1992), in this case all of 
western Alaska.  The tephra deposition changed soil composition across vast regions, making 
some more porous and others less permeable.  Deposition of the light-colored ash may have 
caused a reduction in summer ground temperature across western Alaska.  Ash fall would have 
buried low-growing plants and damaged others.  The ash burial or acid rain would have killed 
lichen across most of the ash-covered region.  Animal species, in particular caribou, were very 
vulnerable to the ash from the Aniakchak eruption.  Caribou would have suffered from ash 
inhalation, ingestion, sulfur poisoning, and loss of winter forage with the acid effects on lichen.  
Salmon runs would see some negative effects from ash fall, mainly with reduced runs starting 
four years after the eruption.  Lake fish would be one of the species significantly affected by acid 
rain, particularly those in lakes with large watersheds and no outlets.  Marine environments 
would be less affected by distal ash fall, except for near-shore environments impacted by 
sediment plumes from rivers and longshore transport. 
 Cultural effects of the fourth millennium B.P. volcanism on the Alaska Peninsula 
included regional abandonment, movement of population groups away from the impacted 
regions and increased rate of cultural change.  Population movements on the central Alaska 
Peninsula begin at 3700 rcy B.P. when the colonization of the Shumagin Islands takes place 
concurrently with the large Veniaminof eruption.  A cultural transition takes place in the Kodiak 
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archipelago between 3800 and 3500 rcy B.P, due at least in part to an ash fall from the Alaska 
Peninsula covering the archipelago.   
 The 3400 rcy B.P. Aniakchak eruption caused tremendous cultural effects across much of 
Alaska.  The ASTt populations on the central Alaska Peninsula were pushed to the south, with 
ASTt traits showing up in the Hot Springs occupation and farther to the south in another mixed 
ASTt-and-marine-adapted population at Russell Creek in Cold Bay.  The Ugashik Narrows site 
appears to have been vacated at this time, as does the Samuelson site at Lake Beverly north of 
Bristol Bay.  The ASTt occupation of western Alaska ends concurrent with the eruption, though 
several ASTt sites may date to just younger than the eruption.  Several ASTt populations north of 
the Aniakchak eruption and outside the ash fall survived the eruption and associated climatic 
effects.  One of these groups was at Brooks River at the northern end of the peninsula, where 
ASTt populations flourished for another 300 years.  Evidence for another ASTt group was found 
at Mosquito Lake in Atigun Pass in the eastern Brooks Range, where occupation starts around 
the time of the eruption and lasts for possibly over 1000 years.   
   Just after the Aniakchak 3400 rcy B.P. eruption a cultural group with traits from the 
north Pacific arrives on a Cape Krusenstern beach north of the Bering Strait.  The maritime-
adapted Old Whaling population may have come from the western coast of the Alaska Peninsula, 
pushed north by the massive Aniakchak eruption. 
The volcanically derived zones of low productivity that separate northwestern and 
southwestern Alaska populations resisted human occupation for approximately 600 years in 
much of the ash-impacted region and 1200 years in the region impacted by pyroclastic flows.  It 
is unclear why ash-impacted western Alaska experiences such a long human hiatus, though it 
may be from a mix of ecological and cultural factors.  The >200 km of the peninsula impacted by 
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the Veniaminof and Aniakchak eruptions becomes in effect a ―dead zone‖, separating human 
populations to the north and south for over a millennium.   
 The fourth millennium B.P. volcanism impacted a large region (with pyroclastic flows, 
lahars and thick tephra) for a very long time, and a larger region (with thinner tephra) for a 
considerable time.  In most of the regions impacted by this volcanism, the volcanic effects would 
have impacted almost all species for a period measured in years.  This appears to have driven 
animal populations out of some impacted regions, resulting in extirpation of human populations 
in some areas (western and southwestern Alaska, central Alaska Peninsula, possibly the western 
Kodiak archipelago), and cultural amalgamation or change in others (the lower Alaska Peninsula, 
the eastern Kodiak archipelago, possibly northwest Alaska).  Even in regions lightly impacted by 
ash and sulfuric acid, the cultural groups had to deal with climatic effects that were much harsher 
than normal for multiple years.  Pre-industrial hunter-gatherer populations didn‘t have large 
surpluses of stored food to fall back on, with one hard winter often causing considerable 
starvation and population decline.  The Aniakchak eruption caused centuries of negligible 
resources on much of the Alaska Peninsula and possibly western Alaska, and years of 
climatically impacted resources across much of Alaska.  We must remember, when considering 
the effects of this fourth millennium B.P. volcanism, just how directly people of this time were 
tied to the resources that were right there, right then.  A deep crash in most resources lasting 
several years could quite plausibly extirpate human populations from whole regions.  For as 
Black (1981:315) noted at the start of this section, ―A year, in terms of survival, is a very long time‖ 
(emphasis in original). 
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CHAPTER 10) CONCLUSIONS 
This study highlights the potential of very large volcanic eruptions and, by implication, 
other major natural catastrophes to effect cultural change.  In many past studies, the ecological 
and cultural impacts of volcanic eruptions were usually looked at as rather localized and with no 
real long-term effect.  Recent studies, including this one, show that large volcanic eruptions can 
have broad regional and even hemispheric effects.  These effects are especially pronounced when 
they take place in higher latitudes and on constricted northern landscapes.   
 This thesis began by stating the following hypotheses: first, ecological and cultural 
factors during the mid and late Holocene were responsible for the effects that both mixed and 
separated Eskimo and Aleut populations.  The proximal and distal effects from the Aniakchak 
3400 rcy B.P. eruption pushed human populations north and south out of the Bristol Bay region 
into northwest Alaska and the lower Alaska Peninsula.  The affected region remained 
unpopulated for parts of the fourth and third millennium B.P. through a mix of ecological and 
cultural factors. A major consequence was that populations at the northern and southern ends of 
the Bering Sea shared very little contact and grew archaeologically and, one must presume, 
culturally distinct over time. 
Second, proximal effects from catastrophic volcanic eruptions during the third and fourth 
millennium BP on the central Alaska Peninsula caused an environmental ―dead zone‖ between 
the upper and lower peninsula, and resulting in an area of very low biological productivity.  The 
lack of resources and concurrent human population over this large (>200 km long) region 
resulted in an extended period of little cultural contact between human groups in the Aleutians 
and those in Western Alaska.  This ecological dead zone on the central Alaska Peninsula caused 
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a cultural separation that was extensive and long-lived, and was one of the causal factors in the 
cultural division of the Eskimo and Aleut populations.   
Before we discuss the separation between Eskimo and Aleut, we need to consider the 
origins of Eskimo and Aleut cultures.  Modern Aleut origins appear to lie with the archaeological 
populations on the lower Alaska Peninsula and the Aleutians of the mid fourth millennium B.P, 
populations Dumond (2001a) has termed ―Macro Margaret Bay‖.  These populations are 
represented archaeologically by traits from the North Pacific, maritime-adapted Aleutian and 
Ocean Bay cultures, along with possible inputs from ASTt.  The people in Alaska that have come 
to be called Eskimo appear to have originated north of the Bering Strait after 3400 rcy B.P, and 
appear to be a mix of Alaska Peninsula (Ocean Bay-descended?), ASTt, and northeastern 
Siberian populations (Clark 1976, in Dumond 2000; Dumond 1987a: 105, 2000; Workman 
1982).  Archaeologists have called the several waves of this Eskimo population that moved down 
to southwest Alaska in the last 2500+ years the Norton and Thule cultures.   
What does the evidence suggest about the timing for the separation of Eskimo and Aleut 
cultures?  The amount of linguistic differentiation between the two supports a separation in 
populations before 3000 B.P, with estimates commonly ranging between 4000 and 6000 B.P.  
Genetic evidence supports a division approximately 6000 years ago, but the high standard 
deviation for this figure (±~3000 years) makes this evidence less than convincing.  
Archaeologically, the division between Eskimo and Aleut cultures appears to take place on the 
central Alaska Peninsula after 3400 rcy B.P. (Dumond 2000, 2001a).   
 If a shared North Pacific maritime adaptation is the main component of culture of mid 4
th
 
millennium Lower Alaska Peninsula populations (Dumond 2001a), and a population sharing this 
culture moves north into northwest Alaska to become Old Whaling and a substantial part of the 
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later developing Eskimo culture (Dumond 2000), then the shared ancestry of Aleuts and Eskimos 
comes from a mix of this pre-3400 rcy B.P. occupation on the Alaska Peninsula and some 
cultural (and possibly genetic) contributions from the post-3400 ASTt influx into the Aleutians 
(Dumond 2000; Workman 1982).     
The separation of Eskimo and Aleut populations was caused by the 4th millennium B.P. 
volcanism on the central Alaska Peninsula, particularly the 3400 rcy B.P. Aniakchak eruption 
and ash fall.  The Aniakchak eruption forced Alaska Peninsula populations north and south out 
of the Bristol Bay region, and extirpated any human populations under the ash flow or ash fall.  
This eruption both mixed and separated the two groups that later in time come to be called the 
Eskimo and Aleut.  The eruption covered a vast area of the Bering Sea coast with pyroclastic 
flow (Miller and Smith 1977), and sent an ash cloud over western Alaska.  Arctic Small Tool-
related populations were pushed down the Alaska Peninsula, with ASTt traits appearing in the 
occupation at the Hot Springs Site as well at Russell Creek (Maschner and Jordan 2001).  
Volcanic effects may have pushed a marine-adapted population from the Alaska Peninsula north 
around western Alaska and above the Bering Strait (Dumond 2000).  The ASTt occupation north 
of the volcano at the Ugashik Narrows appears to have ended with the eruption (Henn 1978:12), 
as did most ASTt occupations in western Alaska (Slaughter 2005).  The ASTt occupation located 
outside of the Aniakchak ash fall at Brooks River continued for another 300 years, until the 
occupation was capped by another volcanic ash (Dumond 1981:12, 2004).  The main ASTt 
occupation in northern Alaska that survived substantially past the Aniakchak 3400 rcy B.P. 
eruption was the occupation at Mosquito Lake, located in the northern reaches of Atigun Pass in 
the eastern Brooks Range.  Occupation of this site, positioned outside the ash and sulfuric acid 
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rain from the Aniakchak eruption, began around the time of the eruption, and may have 
continued with a remnant ASTt occupation for more than a 1000 years (Slaughter 2005).   
 Workman (1979:366) identified the cultural effects one should look for if a catastrophic 
event, like a major volcanic eruption, were to push a population from a region.  These include: 1) 
the occupational abandonment of the region, 2) breaks in the local archaeological sequence, 3) 
intrusive appearance of cultural complexes or traits derived from the affected areas in the 
peripheries, and 4) evidence of intensified interregional contacts synchronous with event in 
question.  With the Aniakchak eruption we see site and regional abandonment without 
replacement, breaks in archaeological sequences, and cultures moving into new regions and 
mixing with other cultures.  We see an ash fall region in western Alaska that was not reoccupied 
for hundreds of years, and a volcanically impacted dead zone on the constrained landscape of the 
Alaska Peninsula that functioned as a cultural barrier for over 1000 years. 
 Can we use material culture to identify a cultural boundary between Eskimo and Aleut?  
The primary item of material culture that separated the Norton/Thule Eskimo and Aleutian 
populations was the Eskimo use of pottery.  There is no evidence of pottery use by Aleut 
populations (Dumond 1987a: 106).  Another trait that was found to the north of the Aniakchak 
dead zone but not to the south of it
19
 is slate grinding.  Both the Norton and Kachemak 
populations utilized ground slate, but Aleut populations did not adopt ground slate tools until the 
second millennium B.P. (Dumond 1987a: 77).   
 Multiple ecological and cultural factors preserved the boundary between the Eskimo and 
Aleut.  The primary ecological boundary separating Eskimo and Aleut populations was the >200 
km long dead zone on the Alaska Peninsula put in place by fourth millennium B.P. volcanism.  
                                                 
19
 Rare pieces of ground slate have been found in lower peninsula sites dating to the third 
millennium B.P, but Aleutian populations did not use slate grinding as a technology. 
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The 3700 rcy B.P. Veniaminof and 3400 rcy B.P. Aniakchak eruptions were each >50 km³ in 
size (Miller and Smith 1977), and covered many thousands of km² of the central peninsula with 
pyroclastic flows, lahars and heavy ash falls (Dreher 2002; Miller and Smith 1977, 1987).  The 
Aniakchak pyroclastic flow alone covered over 2500 km² (Miller and Smith 1977).   
 Heavily volcanically impacted landscapes in harsh climates can take millennia to recover.  
Evidence of this is found in the Mazama Pumice Desert, which is still in the process of 
revegetation over 7000 years after the Mount Mazama eruption (Horn 2002).  Evidence from 
Aniakchak and Katmai show that volcanic soils and environments in these regions are also slow 
to recover.  Soil tests from the Valley of Ten Thousand Smokes pyroclastic flow taken almost 90 
years after the Katmai eruption show unstable, abrasive sediments that are poorly weathered and 
low in fertility.  Similar characteristics are seen in soils from tephra plains in the Aniakchak 
region, some of which have remained unvegetated since the sediments were deposited by the 
Aniakchak 3400 rcy B.P. eruption.  Evidence from soil tests at Cabin Bluff in Aniakchak Bay 
show that after weathering, volcanic soils produce compounds that lock up phosphorus, a vital 
nutrient in plant growth.  The pollen evidence from Cabin Bluff shows that volcanic events, both 
ash falls and pyroclastic flows, have decimated the Holocene landscape of Aniakchak, restarting 
the soil and revegetation process multiple times (Nelson 2004).  The constrained nature of the 
Alaska Peninsula hindered the vegetational recovery of this volcanically impacted zone after the 
3400 rcy B.P. Aniakchak eruption, which took over a thousand years to significantly recover. 
 The second ecological boundary put in place by the fourth millennium B.P. volcanism 
was the 3400 rcy B.P. ash and sulfuric acid fall over western Alaska.  Tephra, or air fall volcanic 
ash, can have short-term and long-term effects on environments.  Thick tephra deposits (70 cm –
1 m) kills all vegetation and restarts the soil formation and revegetation process (Grishin et al. 
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1996).  Thinner ash falls have lesser effects.  Volcanic ash has a significant effect on all 
vegetation; burying low growing vegetation and abrading exposed soft plant tissues.  It has its 
greatest effect on low growing vegetation like mosses and lichen.  These plants cannot resist the 
weight of the ash and do not have the structural strength to grow through it, so are killed by 5 cm 
or more of ash (Antos and Zobel 2005).   
Volcanic ash has a pronounced effect on animals, which inhale and ingest the ash 
(Gregory and Neall 1996).  Ruminants like caribou are particularly affected by ingestion of ash.  
High mortality has been reported for Kamchatkan reindeer populations that were not able to 
rapidly leave ash-covered landscapes (RAIPON and UNEP 2006).  High sulfur eruptions 
increase the toxic effect of the eruption on both plants and animals.  Lichen are very sensitive to 
sulfur products (Moser 1981: 67-78), with sulfuric acid rains from pollution reducing the 
Siberian lichen populations in some regions to 2% of former levels (Tinker 2006).  The 
Aniakchak 3400 rcy B.P. eruption was a very high sulfur eruption, ejecting the greatest amount 
of sulfur of any eruption in the 4
th
 millennium B.P, as registered in the Greenland Dye 3 ice core 
(Clausen et al. 1997).  Sulfuric acid rain after the Aniakchak eruption would have reduced or 
eradicated the lichen populations across northwestern Alaska, eliminating critical winter forage 
for caribou populations.  Ruminants like caribou are also subject to sulfur poisoning from 
ingesting large quantities of sulfur, causing effects ranging from disorientation to death (Gould 
1998; Haydock 2003).  Volcanic ash and sulfur have negative effects on most animal species, 
including landlocked and anadromous fish.  Salmon runs are reduced after ash and sulfur impacts 
on salmon fry, but generally return to normal within a decade (Eicher and Rounsefell 1957).  
Longer effects may be expected with land-locked fish, where high volcanic acid levels have the 
potential to extirpate species (McDowell 1996).  In regions where ash or sulfur effects are able to 
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effectively eradicate a resource, like lichens, we can expect species dependent upon those 
resources to be affected as well.  The ash and sulfur effects of the Aniakchak eruption, along 
with the impact of these effects on lichen, were probably enough to eradicate caribou from 
western Alaska.  
 Volcanic aerosols reflect solar radiation back into space to affect hemispheric and global 
climate
20
.  The Aniakchak eruption, with its massive ejection of sulfur dioxide, had a cooling 
effect on climate that may have been felt in the northern hemisphere for more than two years.  
This shortening or lack of summer for several years would have added to the ecological stress in 
the regions impacted by the proximal and distal impacts of the Aniakchak eruption, as well as 
affecting biological and cultural populations across the northern hemisphere.  The combination 
of ash fall, acid rain, and several years without a summer would have decimated resources relied 
on by ASTt populations, and appear to have killed or driven ASTt populations from western 
Alaska. 
 Three other factors may have also contributed to the continued separation of Eskimo and 
Aleut populations.  First, the Bering Sea shore of the central Alaska Peninsula is an ecological 
transition zone between seasonally icebound and ice-free waters, with winter sea ice coverage 
commonly greater than 50% at Port Heiden (U.S. Coast and Geodetic Survey 1955:489).  
Shorelines that are seasonally ice scoured have considerably lower biological resources and 
consequently lower carrying capacity than shorelines that are ice-free year-round.  Consequently, 
the sandy shores of the Bering Sea coast would not have been attractive regions for colonization 
by southern maritime populations. 
                                                 
20
 For an excellent example of Alaskan climatic effects from a high sulfur eruption, see Jacoby et 
al. 1999. 
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 Second, for a long time human populations lacked a key cultural adaptation necessary to 
utilize the resources that were only seasonally available in the region.  Western Alaska was only 
fully occupied when Norton populations acquired net technology for harvesting salmon and 
migratory waterfowl (Shaw 1982, 1983). 
 Third, cultural conflict may have separated populations on the Alaska Peninsula.  A 
major cultural boundary was maintained on the central Pacific coast of the peninsula during the 
late prehistoric period by cultural conflict (Johnson 1988).  This may have been the case during 
the third millennium B.P. as well.  If so, it would have meant that at that time either cultural or 
ecological barriers existed across the interior and along the coasts of the central peninsula.     
Taken together, it is inferred that the fourth millennium B.P. eruptions put in place 
ecological regions of low productivity that were abandoned by people for long periods of time.  
The seasonally frozen seas and difficulty in efficiently utilizing the seasonal resources in western 
Alaska preserved these barriers until cultural adaptations came into use that overcame those 
barriers.  The dead zone put in place by proximal volcanic products isolated the Aleutian 
populations of the lower Alaska Peninsula from the Bering Sea Eskimo populations to the north 
for over 1000 years.  This caused the two cultural groups to develop separately, and played a 
central role in the separation of Eskimo and Aleut cultures. 
Fourth millennium B.P. volcanism may have brought about a transition in material 
culture on Kodiak Island.  There the loss of resources due to heavy ashfall appears to have 
pushed Ocean Bay populations to develop new fishing and storage technologies, visible 
archaeologically as the Kachemak culture. 
It may be that in evaluating past hunter/gatherer subsistence we underemphasize the 
importance "lesser" or "minor" resources (berries, small game, littoral zone) have in the annual 
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diet, particularly during lean years or at times of the year when major resources (caribou, 
salmon) are not available.  These "lesser" resources would also be drastically affected by 
catastrophic volcanism.  The depletion or loss of virtually all terrestrial resources make 
movement out of the impacted region the only alternative for most hunter/gatherer populations.  
This dissertation has laid out the archaeological and cultural ramifications of catastrophic 
northern volcanism.  Such disasters can extirpate human populations from large regions for long 
periods of time, push populations into other regions, and cause the mixing of cultures, as we see 
in Alaska in the 4
th
 millennium B.P, primarily from the eruption of the Aniakchak Volcano.  This 
research shows that catastrophic volcanism, especially that with extensive pyroclastic flows, has 
the potential to extirpate and separate biological and cultural populations located on a 
constrained landscape, with the volcanic landscape becoming the barrier to adjacent populations.  
This study also identifies new data that may be used to interpret and predict past northern hunter-
gatherer responses to catastrophic volcanism, particularly those populations on constrained 
landscapes.   
The evidence presented here on distal volcanic effects supports Workman‘s thesis (1974, 
1979) that the ~1300 B.P. deposition of the White River Ash could have pushed Athabascan 
populations out of their homeland, with related cultural effects felt 1000s of km to the south.  It 
suggests that other major northern eruptions, including the ~3500 rcy B.P. Mount Hayes eruption 
(Bowers and Thorson 1981; Saleeby 1984), could have had significant cultural effects that have 
yet to be fully acknowledged.  
 Lessons from this research can be applied outside of high latitudes.  When evaluating the 
effect an explosive volcanic eruption may have on biological and cultural populations, consider: 
the size of the eruption (km³ of ejecta, area and thickness of the pyroclastic flow and airfall 
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tephra), latitude, altitude, environment (rainfall, marine vs. continental, etc.), and amount of 
sulfur and other volatiles ejected, as seen in the size of the eruption's signature in Greenland ice 
cores. 
 Explosive volcanic eruptions can affect the biota of large regions for long periods of time 
(millennia), particularly in environments of high ecological stress.  The more severe the 
environment, i.e., colder and drier, as in higher latitudes or altitudes, the longer the effect.  An 
example of this is Oregon's Pumice Desert, left by the 7700 B.P. eruption of Mt. Mazama. 
 Distal volcanic products (tephra, sulfuric acid rain) are more than just stratigraphic 
markers. They can have major biological effects, some for significant periods of time.  Moderate 
tephra depth (4.5-10cm.) and/or acid rain can virtually eradicate some plant species, particularly 
lichen, that may cause the decline or loss of major animal species (reindeer/caribou). 
 The long-lived biological effects of volcanic eruptions can have correspondingly long-
lived effects on hunter-gatherer populations, causing areas of low biological productivity that can 
separate human populations for long periods of time, particularly if these populations are on 
landscapes constrained by geographic or cultural barriers.  
There are modern ramifications from the archaeological and ecological evidence related 
to catastrophic volcanism discussed here.  One is that there are no modern analogs to the 
Aniakchak eruption in its effects on terrestrial or northern climates.  Eruptions that might be 
thought of in comparison (Mount St. Helens, Mount Katmai) are much smaller and with much 
less potential for impacting human populations.  A northern eruption on the Aniakchak scale that 
impacts a terrestrial environment has the potential to cause a crash of the regional biological 
populations lasting for many years.  Very large volcanic eruptions have the potential for causing 
high human mortality.  Explosive volcanoes located close to heavily populated areas (Vesuvius, 
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Mt. Rainier) have the potential to cause very high loss of life, particularly for very large 
eruptions with large pyroclastic flows and lahars.  Past volcanic eruptions caused their greatest 
human mortality through starvation, and the future potential is there as well.  A very large, high 
sulfur eruption could cause a year or longer without a summer in the higher latitudes, since high 
latitude eruptions concentrate sulfur dioxide and increase the climatic cooling effect.  An 
eruption of this type, like the Aniakchak 3400 rcy B.P. eruption, could cause massive crop 
failures across the northern hemisphere.   Thus the fourth millennium B.P. Alaska Peninsula 
volcanism and the 3400 rcy B.P. Aniakchak eruption have much to teach us, regarding both the 
past and the potential future effects of catastrophic high latitude volcanism. 
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FIGURES 
 
 
Figure 1.1.  Aniakchak National Monument and Preserve. 
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Figure 2.1.  The Alaska Peninsula, Southwestern Alaska. 
 
 
 
 
  
Figure 3.1: Cultural Occupation by Region: Aleutian Islands to Northern Bristol Bay.  Thick black line is Aniakchak 3400 rcy 
B.P. eruption.  Culture change is visible south of the eruption (*2, *3, *4), and regional abandonment to the north (*6, *7, *8). 
*1-Knecht and Davis 2001; *2-Maschner 2004b; *3 Knudson 2005; *4-Maschner 2004a; *5 Dumond 1992, Corbett 1995; *6- 
Hoffman and Smith 2007, VanderHoek and Myron 2004; *7-Henn 1978; *8-Ackerman 2004, Depew and Biddle 2006, Schaaf 
et al. 2007; *9-Dumond 1981, 2005.
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Figure 4.1.  Aniakchak 3400 rcy B.P. Eruption Cross-Section.  From VanderHoek and Myron, 
2004:146, Figure 7.1.  Used by permission. 
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Figure 4.2.  Mt. Augustine, March 27, 2006 Eruption. Photo by Cyrus Read, Alaska Volcano 
Observatory / U.S. Geological Survey. 
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Figure 5.1.  Black Peak, 2003.  Eroding surface of 4600 rcy B.P. pyroclastic flow.  Photo by 
Game McGimsey, Alaska Volcano Observatory / U.S. Geological Survey. 
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Figure 6.1.  Mount St. Helens Across Spirit Lake. USGS photo by Lyn Topinka. 
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Figure 6.2.  Katmai 1912 Eruption Isopach.  Image from Griggs 1922, p.XVI. 
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Figure 6.3.  Katmai Soil Testing Locations (Round Dots) from 2001 Trip to the Valley of Ten 
Thousand Smokes, Katmai National Park and Preserve.  Test location A ("Novarupta") was 
approximately ~1 km west of the Novarupta plug, the source for the 1912 Katmai ash fall and 
flow.  Test location B ("Lower Flow") was ~20 km northwest of Novarupta near the toe of the 
pyroclastic flow.  Image from Google Earth. 
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Figure 6.4.  Vegetation in Rill, Novarupta, 2001.  Pilot Alan Levenson and 
geologist Robert Nelson in upper left. 
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Figure 6.5.  Pumice Desert, Crater Lake National Park, Oregon.  USGS Photo by Connie Hoong. 
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Figure 6.6.  2003 Katmai Ash Plume Blown over Shelikof Strait and Kodiak Island.  From 
NASA Aqua satellite, Moderate Resolution Imaging Spectroradiometer (MODIS), September 
21, 2003, at http//earthobservatory.nasa.gov/IOTD/view.php?=3810. 
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Figure 6.7.  Scalloping of Wood Trim on Research Hut, Eroded from Windblown 
Volcanic Ash, Valley of Ten Thousand Smokes, Katmai National Park and 
Preserve.  Wood is less eroded behind nail.  Photo By Michael Hilton, 1997.  
Used by permission. 
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Figure 7.1.  Light Colored Vegetation is Reindeer Lichen, Cladina stellaris.  Leatherman multi-
tool for scale.  Photo taken by author in High Valley, Denali Highway, east-central Alaska. 
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Figure 8.1.  Alaska Peninsula Volcanoes. Alaska Volcano Observatory / U.S. Geological Survey 
website, http://www.avo.alaska.edu/volcanoes/alaska_peninsula.php. 
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Figure 8.2.  Aniakchak Caldera.  Caldera is 10 km in diameter. NPS photo by M. Williams, 
1977. Photo looking east. 
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Figure 8.3.  3400 rcy B.P. Aniakchak Eruption: Area of Proximal Effects. From VanderHoek and 
Myron 2004: 147, Figure 7.2.  Used by permission. 
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Figure 8.4.  Selected Pyroclastic Flows on the Alaska Peninsula.  From VanderHoek and Myron 
2004: 149, Figure 7.4.  Used by permission. 
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Figure 9.1.  Aniakchak 3400 rcy B.P. Pyroclastic Flow: Beach Cliffs Near Port Heiden, Bristol 
Bay Coast, 2000.  R. VanderHoek for scale.  Cliff section is ~ 8m high.  NPS photo, used by 
permission. 
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Figure 9.2.  Aniakchak 3400 rcy B.P. Pyroclastic Flow: Drumlin Creek, Pacific 
Coast, 1998.  Ross Smith for scale.  From VanderHoek and Myron 2004: 154, 
Figure 7.9.  Used by permission. 
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Figure 9.3.  Cabin Bluff Erosional Amphitheater, Aniakchak Bay.  From VanderHoek and 
Myron 2004: 151, Figure 7.6.  Used by permission. 
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Figure 9.4.  Cabin Bluff Geologic Profile, Aniakchak Bay, 2001.  Robert Nelson, geologist from 
Colby College at right. 
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Figure 9.5.  Cabin Bluff Geologic Profile. 
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Figure 9.6.  Cabin Bluff Pollen Data.  Summary pollen percentage diagram from Robert 
Nelson, Colby College. 
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Figure 9.7.  Cinder River Tephra Plain.  The tephra plain in the upper right, about two-thirds of 
which is visible here, is 2.4 km long. For a different perspective, see Figure 2.5, VanderHoek and 
Nelson 2004, p.22.  NPS photo, used by permission. 
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Figure 9.8.  Aniakchak Soil Test Locations.  A is Cabin Bluff, B is Aniakchak Plateau, C is 
Aniakchak Tephra Plain, and D is Kujulik Bay Tephra Plain. Image is a digital elevation model 
generated by Renaissance Remote Sensing from a 2002 Landsat 7 coverage. 
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Figure 9.9.  Aniakchak Plateau Soil Test Location, on North Ridge of Aniakchak Caldera.  View 
to south.  Super Cub on right piloted by Tom O'Hara. 
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Figure 9.10.  Aniakchak Plateau, Test Pit One.  Note the coarse, unweathered 
nature of the sediments. 
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Figure 9.11.  Aniakchak Tephra Plain Soil Test Location, with Page Spencer, NPS Ecologist. 
Photo looking southeast. 
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Figure 9.12.  Kujulik Bay Tephra Plains.  Testing location was in center of upper tephra plain (at 
arrow).  Kujulik Bay (Pacific Ocean) in distance. 
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Figure 9.13.  Kujulik Bay Tephra Plain Test Pit One. 
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Figure 9.14.  Valley of Ten Thousand Smokes: Novarupta Test Locations.  Novarupta plug in 
background. 
 
 
 
 
 
 
 
 
 
 
 
 398 
 
Figure 9.15.  Valley of Ten Thousand Smokes: Novarupta Test Pit One. 
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Figure 9.16.  Valley of Ten Thousand Smokes: Lower Flow Test Locations. Infiltrometer on 
right next to water jug at Test Pit One. 
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Figure 9.17.  Valley of Ten Thousand Smokes: Lower Flow Test Pit One.  Note the 
unweathered nature of the sediments. 
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Figure 9.18.  Aniakchak 3400 rcy B.P. Tephra Isopach and Sulfur Fall. 
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Figure 9.19.  Movement of Arctic Small Tool-Related Population Down the Alaska Peninsula. 
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Figure 9.20.  Post-3400 rcy B.P. Site Abandonment in Upper Bristol Bay.  Short (red) arrows 
denote pyroclastic flow; Longer (blue) arrows show direction of tsunami across northern Bristol 
Bay. 
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  Figure 9.21.  Possible Population Movement from Alaska Peninsula to North of Bering Strait. 
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Figure 9.22.  Terminal C-14 Dates for ASTt in Western Alaska.  Locations are those sites with 
multiple ASTt C-14 dates. 
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  Figure 9.23.  Post-3400 rcy B.P. ASTt Populations Outside Aniakchak Isopach and Sulfur Fall. 
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Figure 9.24.  1912 Katmai Eruption Tephra and Sulfur Isopaches.  Yellow star marks 
Katmai/Novarupta vent; black lines represent tephra isopaches; yellow dashed line represents 
approximate boundary of discernable sulfuric acid impact from eruption.  Yellow letters mark 
locations of known sulfuric acid effects from rainfall or volcanic ash: S = Seward, L = 
Latouche Island, C = Cordova, CS = Cape Spencer, V = Vancouver Island, P = Puget Sound.  
Sulfuric acid isopach is extrapolated from data in Griggs (1922:25-27, 29).  Tephra isopaches 
are from Griggs (1922, map preceding p.1): thick black line = 15cm isopach; thin black line = 
~.5 cm isopach. This may under represent actual tephra fall across North Pacific, as tephra 
from Katmai was observed in Puget Sound.  Distance between vent and eastern Puget Sound 
(P) is 2400 km. 
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TABLES 
 
Deposit 
Thickness      
(cm) 
Deposit       
Area              
(km²) Nature of Destruction 
1-5 8460 Destruction of some moss-lichens. herbs. and dwarf shrub; 
minor damage to taller plants. 
5-10 1458 Substantial destruction of some species of moss-lichens, 
herb and dwarf shrub layers; damage to taller plants. 
10-20 954 Loss of lichen-moss layer; significant destruction to herb 
and dwarf shrub layer; some trees die slowly by drying. 
20-30 228 Total destruction of lichen moss layer, herb layer; most of 
shrub layer lost; significant die back of trees. 
30-70 484 Destruction of all layers of vegetation and tree layer; 
isolated trees survive. 
70-100 62 Total destruction of all vegetation; reinvasion of vascular 
plants. 
Over 100 54 Total destruction of all vegetation; lichen desert persists. 
  
Table 6.1.  The Relationship Between Pumice Depth and Degree of Vegetation Destruction. 
Ksudach Volcano 1907 eruption tephra depth table. Redone from Grishin et al. 1996: 146, 
Table 7. 
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Thin burial (< 5 mm ash) 
 No plant burial or breakage.  
 Ash is mechanically incorporated into the soil within one year.  
 Vegetation canopies recover within weeks.  
Moderate burial (5 - 25 mm ash) 
 Buried microphytes may survive and recover.  
 Larger grasses are damaged but not killed.  
 Soil underneath remains viable and is not so deprived of oxygen or water that it 
ceases to act as a topsoil.  
 Vegetation canopies recover within next growing season.  
Thick burial (25 - 150 mm ash) 
 Completely buries and eliminates the microphytes.  
 Small mosses and annual plants will only be present again in the local 
ecosystem after re-colonization.  
 Generalized breakage and burial of grasses and other non-woody plants; 
some macrophytes of plant cover do not recover from trauma.  
 Large proportion of plant cover eliminated for more than one year.  
 Plants may extend roots from the surface of the ash layer down to the buried 
soil, thereby helping to mix the ash and the buried A horizon. This is generally 
accomplished within 4-5 years.  
 Vegetation canopy recovery takes several decades.  
 Mixing of new ash into the old soil by people or animals greatly speeds 
recovery of plants.  
Very thick burial (> 150 mm ash) 
 All non-woody plants are buried.  
 Burial will sterilize soil profile by isolation from oxygen.  
 Soil burial is complete and there is no communication from the buried soil to 
the new ash surface.  
 Soil formation must begin from this new "time zero."  
 Several hundred (to a few thousand years) may pass before new equilibrium 
soil is established, but plants can grow within years to decades.  
 
Table 6.2.  USGS Tephra Depth Table (USGS 2006a). 
 
 
 Table 9.1.  Chemical Soil Test Data from Katmai and Aniakchak. 
 
Lab # Sample location, pit, depth, & field # 
1:1 
pH 
NaF 
pH 
NH4 
ppm 
NO3 
ppm 
P 
ppm 
Cu 
ppm 
Zn 
ppm 
Mn 
ppm 
Fe 
ppm 
B 
ppm 
RV04S 1 Katmai: Novarupta Test Pit 1  Surface 5a 3.94 7.93 3 48 51 1.8 0.3 0.6 265 <.1 
RV04S 2 Katmai: Novarupta Test Pit 1  5 cmbs  6a 5.08 7.96 <1 1 72 1.8 0.2 0.1 106 <.1 
RV04S 3 Katmai: Novarupta Test Pit 1  25 cmbs 7a 5.50 7.75 <1 <1 43 2.8 0.1 0.4 64 <.1 
RV04S 4 Katmai: Novarupta Test Pit 1  50 cmbs 8a 5.59 7.59 <1 <1 29 4.1 0.3 0.8 30 <.1 
RV04S 5 Katmai: Lower Flow Test Pit 1  Surface 23a 5.32 7.22 1 9 7 0.8 0.3 3.4 35 <.1 
RV04S 6 Katmai: Lower Flow Test Pit 1  5 cmbs 24a 5.86 7.36 1 2 13 0.7 0.1 3.2 58 <.1 
RV04S 7 Katmai: Lower Flow Test Pit 1  25 cmbs  25 6.86 7.55 <1 <1 8 0.9 0.6 7.2 70 <.1 
RV04S 8 Katmai:  Lower Flow Test Pit 1  50 cmbs  26 7.17 7.36 2 <1 7 1.1 0.3 9.9 44 <.1 
RV04S 9 Katmai:  Lower Flow Test Pit 2  Surface 28 5.35 7.22 1 11 7 0.5 0.1 4.0 38 <.1 
RV04S 10 Katmai: Lower Flow Test Pit 2  5 cmbs 29 5.40 7.35 1 3 10 0.6 0.1 3.4 50 <.1 
RV04S 11 Katmai:  Lower Flow Test Pit 2  25 cmbs 30 6.78 7.69 1 1 7 0.9 0.2 5.9 80 <.1 
RV04S 12 Katmai:  Lower Flow Test Pit 2  50 cmbs 31 6.66 7.54 4 <1 7 0.8 0.1 9.2 61 <.1 
RV04S 13 Aniakchak Plateau Test Pit 1  Surface 40 4.65 8.29 2 51 16 1.3 0.5 11.3 210 <.1 
RV04S 14 Aniakchak Plateau Test Pit 1  5 cmbs 41 7.14 7.31 2 1 7 0.7 0.3 8.1 252 <.1 
RV04S 15 Aniakchak Plateau Test Pit 1  25 cmbs 42 6.97 7.21 2 <1 4 0.2 0.2 2.8 90 <.1 
RV04S 16 Aniakchak Plateau Test Pit 1  50 cmbs 43 8.54 7.80 2 1 12 0.2 0.9 5.8 170 <.1 
RV04S 17 Kujulik Bay Tephra Plain Test Pit 1  Surface 58 5.09 7.47 1 4 48 0.2 0.6 8.9 155 <.1 
RV04S 18 Kujulik Bay Tephra Plain Test Pit 1  5 cmbs 59 5.68 9.20 2 1 49 0.3 0.7 10.4 165 <.1 
RV04S 19 Kujulik Bay Tephra Plain Test Pit 1  25 cmbs 60 6.37 9.74 1 1 35 0.1 0.4 5.0 208 <.1 
RV04S 20 Kujulik Bay Tephra Plain Test Pit 1  50 cmbs 61 6.73 7.26 1 <1 18 <0.01 0.3 3.5 252 <.1 
RV04S 21 Aniakchak Tephra Plain Test  Pit 1  Surface 71 5.21 7.72 5 18 29 0.1 0.3 3.9 206 <.1 
RV04S 22 Aniakchak Tephra Plain Test  Pit 1  5 cmbs 72 6.76 9.41 1 <1 26 0.2 0.2 2.2 311 <.1 
RV04S 23 Aniakchak Tephra Plain Test  Pit 1  25 cmbs 73 7.01 7.65 1 <1 22 0.7 0.4 8.7 301 <.1 
RV04S 24 Aniakchak Tephra Plain Test  Pit 1  50 cmbs 74 7.06 7.52 1 1 19 0.9 0.4 44.5 249 <.1 
RV04S 25 Aniakchak Tephra Plain Test  Pit 2 Surface 75 5.43 7.71 6 12 28 0.2 0.3 3.6 183 <.1 
RV04S 26 Aniakchak Tephra Plain Test  Pit 2 5 cmbs 76 6.64 8.70 2 3 27 0.1 0.3 2.0 230 <.1 
RV04S 27 Aniakchak Tephra Plain Test  Pit 2  25 cmbs 77 6.96 7.97 <1 <1 28 0.3 0.2 3.0 324 <.1 
RV04S 28 Aniakchak Tephra Plain Test  Pit 2 50 cmbs 78 7.03 7.53 1 <1 20 0.4 0.3 8.1 236 <.1 
RV04S 29 Cabin Bluff section-Aniakchak Bay Surface  87 5.06 10.39 3 207 4 1.2 4.5 12.9 201 <.1 
RV04S 30 Cabin Bluff section-Aniakchak Bay  10 cmbs 88 4.96 10.46 4 106 4 1.0 1.3 10.0 230 <.1 
RV04S 31 Cabin Bluff section-Aniakchak Bay  20 cmbs 89 5.34 11.15 2 40 1 1.1 0.4 3.1 212 <.1 
RV04S 32 Cabin Bluff section-Aniakchak Bay  30 cmbs 90 5.70 11.01 1 31 1 1.8 0.4 2.5 242 <.1 
RV04S 33 Cabin Bluff section-Aniakchak Bay  40 cmbs 91 5.92 11.12 2 27 <1 3.1 0.6 2.5 264 <.1 
RV04S 34 Cabin Bluff section-Aniakchak Bay  50 cmbs 92 5.96 11.09 <1 13 <1 2.0 0.3 2.0 226 <.1 
RV04S 35 Cabin Bluff section-Aniakchak Bay  60 cmbs 93 6.09 10.91 <1 7 <1 1.3 0.4 1.7 235 <.1 
RV04S 36 Cabin Bluff section-Aniakchak Bay  70 cmbs 94 6.29 10.49 <1 4 2 0.8 0.4 1.2 256 <.1 
RV04S 37 Cabin Bluff section-Aniakchak Bay  80 cmbs 95 6.44 10.11 4 2 6 0.6 0.3 0.9 280 <.1 
RV04S 38 Cabin Bluff section-Aniakchak Bay  90 cmbs 96 6.43 9.95 1 1 8 0.6 0.6 1.1 276 <.1 
RV04S 39 Cabin Bluff section-Aniakchak Bay  100 cmbs 97 6.47 10.27 <1 1 10 0.4 0.4 1.2 266 <.1 
RV04S 40 Cabin Bluff section-Aniakchak Bay  110 cmbs 98 6.43 9.97 <1 1 9 0.4 0.3 1.3 255 <.1 
4
1
0
 
 Lab # Sample location, pit, depth, & field # 
Ammonium  
Oxalate 
Dithionate  
Citrate 
Sodium  
Pyrophosphate 
% Fe % Al % Si % Fe % Al % Mn % Fe    % Al 
RV04S 1 Katmai: Novarupta Test Pit 1  Surface 5a 0.88 0.14 0.04 0.40 0.11 <.01 0.04 0.04 
RV04S 2 Katmai: Novarupta Test Pit 1  5 cmbs  6a 0.88 0.16 0.04 0.49 0.12 <.01 <0.01 0.03 
RV04S 3 Katmai: Novarupta Test Pit 1  25 cmbs 7a 0.80 0.13 0.03 0.50 0.13 <.01 <0.01 0.04 
RV04S 4 Katmai: Novarupta Test Pit 1  50 cmbs 8a 0.49 0.07 0.01 0.40 0.08 <.01 <0.01 0.02 
RV04S 5 Katmai: Lower Flow Test Pit 1  Surface 23a 0.37 0.05 0.02 0.11 0.03 <.01 <0.01 <0.01 
RV04S 6 Katmai: Lower Flow Test Pit 1  5 cmbs 24a 0.31 0.05 0.02 0.13 0.05 <.01 <0.01 0.01 
RV04S 7 Katmai:  Lower Flow Test Pit 1  25 cmbs 25 0.09 0.05 0.02 0.09 0.05 <.01 <0.01 0.01 
RV04S 8 Katmai:  Lower Flow Test Pit 1  50 cmbs  26 0.09 0.05 0.02 0.11 0.03 <.01 <0.01 <0.01 
RV04S 9 Katmai: Lower Flow Test Pit 2  Surface 28 0.41 0.05 0.02 0.14 0.05 <.01 <0.01 0.01 
RV04S 10 Katmai: Lower Flow Test Pit 2  5 cmbs 29 0.24 0.04 0.01 0.15 0.06 <.01 <0.01 0.01 
RV04S 11 Katmai: Lower Flow Test Pit 2  25 cmbs 30 0.08 0.05 0.03 0.10 0.06 <.01 <0.01 0.01 
RV04S 12 Katmai:  Lower Flow Test Pit 2  50 cmbs 31 0.07 0.05 0.02 0.10 0.04 <.01 <0.01 <0.01 
RV04S 13 Aniakchak Plateau  Test Pit 1  Surface 40 0.37 0.16 0.10 0.25 0.12 <.01 0.01 0.04 
RV04S 14 Aniakchak Plateau  Test Pit 1  5 cmbs 41 0.26 0.07 0.05 0.16 0.07 <.01 <0.01 0.01 
RV04S 15 Aniakchak Plateau  Test Pit 1  25 cmbs 42 0.16 0.02 <.01 0.12 0.04 <.01 <0.01 <0.01 
RV04S 16 Aniakchak Plateau  Test Pit 1  50 cmbs 43 0.12 0.02 <.01 0.09 0.04 <.01 <0.01 <0.01 
RV04S 17 Kujulik Bay Tephra Plain Test Pit 1  Surface 58 1.15 0.56 0.25 0.43 0.16 0.01 <0.01 0.06 
RV04S 18 Kujulik Bay Tephra Plain Test Pit 1  5 cmbs 59 1.26 0.61 0.28 0.46 0.17 0.01 0.02 0.10 
RV04S 19 Kujulik Bay Tephra Plain Test Pit 1  25 cmbs 60 1.10 0.75 0.46 0.48 0.22 0.01 0.01 0.08 
RV04S 20 Kujulik Bay Tephra Plain Test Pit 1  50 cmbs 61 1.05 0.27 0.19 0.30 0.09 0.01 <0.01 0.03 
RV04S 21 Aniakchak Tephra Plain Test  Pit 1  Surface 71 0.85 0.41 0.30 0.50 0.16 0.01 0.01 0.06 
RV04S 22 Aniakchak Tephra Plain Test  Pit 1  5 cmbs 72 0.96 0.57 0.45 0.49 0.18 0.01 0.02 0.06 
RV04S 23 Aniakchak Tephra Plain Test  Pit 1  25 cmbs 73 0.59 0.27 0.21 0.46 0.12 0.01 <0.01 0.03 
RV04S 24 Aniakchak Tephra Plain Test  Pit 1  50 cmbs 74 0.64 0.22 0.18 0.44 0.09 0.01 <0.01 0.02 
RV04S 25 Aniakchak Tephra Plain Test  Pit 2 Surface 75 0.76 0.37 0.25 0.40 0.12 0.01 0.01 0.05 
RV04S 26 Aniakchak Tephra Plain Test  Pit 2 5 cmbs 76 0.90 0.48 0.37 0.59 0.22 0.01 0.01 0.07 
RV04S 27 Aniakchak Tephra Plain Test  Pit 2  25 cmbs 77 0.64 0.36 0.27 0.51 0.16 0.01 0.01 0.04 
RV04S 28 Aniakchak Tephra Plain Test  Pit 2 50 cmbs 78 0.62 0.23 0.19 0.41 0.08 0.01 <0.01 0.02 
RV04S 29 Cabin Bluff section-Aniakchak Bay Surface  87 1.19 0.85 0.29 1.12 0.67 0.06 0.65 0.48 
RV04S 30 Cabin Bluff section-Aniakchak Bay  10 cmbs 88 1.39 0.78 0.20 1.32 0.72 0.03 0.85 0.52 
RV04S 31 Cabin Bluff section-Aniakchak Bay  20 cmbs 89 1.58 1.38 0.48 1.34 0.98 0.03 0.83 0.72 
RV04S 32 Cabin Bluff section-Aniakchak Bay  30 cmbs 90 1.62 1.48 0.62 1.33 0.91 0.03 0.76 0.53 
RV04S 33 Cabin Bluff section-Aniakchak Bay  40 cmbs 91 1.73 1.61 0.78 1.45 0.90 0.04 0.68 0.48 
RV04S 34 Cabin Bluff section-Aniakchak Bay  50 cmbs 92 1.13 1.83 0.96 1.04 1.22 0.02 0.22 0.34 
RV04S 35 Cabin Bluff section-Aniakchak Bay  60 cmbs 93 0.86 1.45 0.82 0.86 0.89 0.02 0.11 0.24 
RV04S 36 Cabin Bluff section-Aniakchak Bay  70 cmbs 94 0.64 1.06 0.64 0.63 0.52 0.02 0.07 0.16 
RV04S 37 Cabin Bluff section-Aniakchak Bay  80 cmbs 95 0.44 0.68 0.44 0.45 0.44 0.01 0.05 0.12 
RV04S 38 Cabin Bluff section-Aniakchak Bay  90 cmbs 96 0.34 0.57 0.39 0.37 0.37 0.01 0.04 0.10 
RV04S 39 Cabin Bluff section-Aniakchak Bay  100 cmbs 97 0.33 0.52 0.34 0.36 0.34 0.01 0.04 0.11 
RV04S 40 Cabin Bluff section-Aniakchak Bay  110 cmbs 98 0.34 0.54 0.36 0.35 0.33 0.01 0.04 0.10 
Table 9.2.  Chemical Soil Test Data from Katmai and Aniakchak. 
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 Lab # Sample location, pit, depth, & field # 
%  
C 
%  
N 
%  
P 
%  
S 
meq/100 
CEC 
meq/100  
K 
meq/100 
Ca 
meq/100 
Mg 
meq/100 
Na 
RV04S 1 Katmai: Novarupta Test Pit 1  Surface 5a 0.13 0.01 0.04 0.10 1.51 0.04 0.19 0.06 0.05 
RV04S 2 Katmai: Novarupta Test Pit 1  5 cmbs  6a 0.04 <.01 0.04 0.06 0.59 0.01 0.08 0.01 <.01 
RV04S 3 Katmai: Novarupta Test Pit 1  25 cmbs 7a 0.05 <.01 0.04 0.19 0.93 0.02 0.24 0.04 0.00 
RV04S 4 Katmai: Novarupta Test Pit 1  50 cmbs 8a 0.05 <.01 0.04 0.02 0.42 0.02 0.25 0.03 0.00 
RV04S 5 Katmai: Lower Flow Test Pit 1  Surface 23a 0.08 0.02 0.01 <.01 0.08 0.02 0.37 0.06 0.05 
RV04S 6 Katmai: Lower Flow Test Pit 1  5 cmbs 24a 0.07 <.01 0.01 0.01 0.42 0.02 0.25 0.04 0.04 
RV04S 7 Katmai: Lower Flow Test Pit 1  25 cmbs  25 0.05 <.01 0.01 <.01 0.93 0.03 0.49 0.05 0.07 
RV04S 8 Katmai:  Lower Flow Test Pit 1  50 cmbs  26 0.04 <.01 0.01 <.01 0.59 0.02 0.88 0.04 0.10 
RV04S 9 Katmai:  Lower Flow Test Pit 2  Surface 28 0.05 <.01 0.01 0.01 0.17 0.02 0.36 0.06 0.04 
RV04S 10 Katmai: Lower Flow Test Pit 2  5 cmbs 29 0.07 <.01 0.01 0.01 0.25 0.02 0.23 0.04 0.03 
RV04S 11 Katmai:  Lower Flow Test Pit 2  25 cmbs 30 0.05 0.01 0.01 <.01 0.59 0.02 0.44 0.05 0.07 
RV04S 12 Katmai:  Lower Flow Test Pit 2  50 cmbs 31 0.04 <.01 0.01 <.01 0.59 0.02 0.75 0.05 0.08 
RV04S 13 Aniakchak Plateau Test Pit 1  Surface 40 0.35 0.02 0.04 0.01 1.01 0.05 0.31 0.21 0.20 
RV04S 14 Aniakchak Plateau Test Pit 1  5 cmbs 41 0.06 0.01 0.03 <.01 <.01 0.02 0.30 0.14 0.05 
RV04S 15 Aniakchak Plateau Test Pit 1  25 cmbs 42 0.03 <.01 0.05 <.01 <.01 0.02 0.07 0.02 0.01 
RV04S 16 Aniakchak Plateau Test Pit 1  50 cmbs 43 0.07 0.02 0.04 <.01 <.01 0.06 0.26 0.10 0.19 
RV04S 17 Kujulik Bay Tephra Plain Test Pit 1  Surface 58 0.05 <.01 0.04 0.01 1.35 0.04 0.14 0.10 0.09 
RV04S 18 Kujulik Bay Tephra Plain Test Pit 1  5 cmbs 59 0.08 <.01 0.04 0.01 1.93 0.03 0.21 0.14 0.03 
RV04S 19 Kujulik Bay Tephra Plain Test Pit 1  25 cmbs 60 0.07 <.01 0.05 0.01 2.52 0.06 0.72 0.48 0.07 
RV04S 20 Kujulik Bay Tephra Plain Test Pit 1  50 cmbs 61 0.06 <.01 0.05 0.01 1.85 0.05 0.86 0.53 0.02 
RV04S 21 Aniakchak Tephra Plain Test  Pit 1  Surface 71 0.10 <.01 0.04 0.01 2.69 0.16 1.73 0.81 0.07 
RV04S 22 Aniakchak Tephra Plain Test  Pit 1  5 cmbs 72 0.08 <.01 0.03 0.01 2.19 0.09 0.58 0.50 0.08 
RV04S 23 Aniakchak Tephra Plain Test  Pit 1  25 cmbs 73 0.03 <.01 0.03 0.01 3.36 0.13 1.29 0.71 0.10 
RV04S 24 Aniakchak Tephra Plain Test  Pit 1  50 cmbs 74 0.03 <.01 0.03 0.01 2.86 0.18 1.93 0.89 0.10 
RV04S 25 Aniakchak Tephra Plain Test  Pit 2 Surface 75 0.08 0.02 0.04 0.01 1.77 0.09 0.59 0.49 0.13 
RV04S 26 Aniakchak Tephra Plain Test  Pit 2 5 cmbs 76 0.18 <.01 0.04 0.01 2.69 0.11 0.97 0.61 0.11 
RV04S 27 Aniakchak Tephra Plain Test  Pit 2  25 cmbs 77 0.09 <.01 0.04 0.01 2.94 0.17 1.78 0.83 0.12 
RV04S 28 Aniakchak Tephra Plain Test  Pit 2 50 cmbs 78 0.05 <.01 0.04 0.01 2.02 0.15 1.54 0.74 0.10 
RV04S 29 Cabin Bluff section-Aniakchak Bay Surface  87 6.17 0.50 0.08 0.07 24.98 0.71 6.47 3.56 0.48 
RV04S 30 Cabin Bluff section-Aniakchak Bay  10 cmbs 88 5.91 0.48 0.09 0.07 25.07 0.56 3.54 2.25 0.31 
RV04S 31 Cabin Bluff section-Aniakchak Bay  20 cmbs 89 4.64 0.38 0.07 0.06 26.92 0.75 3.15 1.81 0.31 
RV04S 32 Cabin Bluff section-Aniakchak Bay  30 cmbs 90 3.78 0.31 0.06 0.05 20.69 0.66 3.10 2.03 0.20 
RV04S 33 Cabin Bluff section-Aniakchak Bay  40 cmbs 91 3.39 0.25 0.06 0.04 16.66 0.31 2.84 1.86 0.21 
RV04S 34 Cabin Bluff section-Aniakchak Bay  50 cmbs 92 2.17 0.15 0.04 0.02 12.53 0.11 1.92 1.02 0.17 
RV04S 35 Cabin Bluff section-Aniakchak Bay  60 cmbs 93 1.53 0.11 0.04 0.02 8.83 0.10 1.53 0.79 0.16 
RV04S 36 Cabin Bluff section-Aniakchak Bay  70 cmbs 94 0.90 0.07 0.03 0.01 5.64 0.08 1.14 0.60 0.17 
RV04S 37 Cabin Bluff section-Aniakchak Bay  80 cmbs 95 0.48 0.03 0.03 0.01 3.28 0.06 0.85 0.47 0.16 
RV04S 38 Cabin Bluff section-Aniakchak Bay  90 cmbs 96 0.41 0.04 0.03 0.01 2.61 0.07 0.64 0.41 0.19 
RV04S 39 Cabin Bluff section-Aniakchak Bay  100 cmbs 97 0.36 0.02 0.03 <.01 2.02 0.06 0.58 0.39 0.20 
RV04S 40 Cabin Bluff section-Aniakchak Bay  110 cmbs 98 0.29 0.01 0.03 <.01 1.93 0.07 0.51 0.38 0.16 
Table 9.3.  Chemical Soil Test Data from Katmai and Aniakchak. 
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 Sample location, pit, and depth Bulk Density  
wt(g)fld 
Dried  
wt(g) 
Infiltration  
sec/mm 
Penetrometer  
kg per sq cm 
Temperature  
°C 
Katmai: Novarupta TP 1  Surface 46 33 2.9 0.75 14.8 
Katmai: Novarupta TP 1  5 cmbs 46 34  1.25 13.1 
Katmai: Novarupta TP 1  25 cmbs 48 34 8 2 12.2 
Katmai: Novarupta TP 1  50 cmbs 47 33  4 11.9 
Katmai: Lower Flow TP 1  Surface 35 26 3.1 <0.125 14.3 
Katmai: Lower Flow TP 1  5 cmbs 40 29  0.125 14.6 
Katmai: Lower Flow TP 1  25 cmbs 37 25 16.36 2.375 14.2 
Katmai:  Lower Flow TP 1  50 cmbs 39 28  ≥3.75 14.1 
Aniakchak Plateau TP 1  Surface 44 28 <0.05 0.5 8.4 
Aniakchak Plateau TP 1  5 cmbs 32 19  0.75 7.2 
Aniakchak Plateau TP 1  25 cmbs 32 14 <0.05 2.25-4.0 (4) 7.3 
Aniakchak Plateau TP 1  50 cmbs 29 12  2.5-4.5 (4) 7.2 
Kujulik Bay Tephra Plain TP 1  Surface 49 39 0.32 <0.25 16.8 
Kujulik Bay Tephra Plain TP 1  5 cmbs 54 43  1-1.5 (4) 14.7 
Kujulik Bay Tephra Plain TP 1  25 cmbs 52 42 0.4 1.25 (2 of 3) 14.3 
Kujulik Bay Tephra Plain TP 1  50 cmbs 51 40  1.75 (2 of 3) 14.3 
Aniakchak Tephra Plain TP 1  Surface 50 38 9.78 <0.25 17.7 
Aniakchak Tephra Plain TP 1  5 cmbs 51 37  .75-1.25 (4) 16.6 
Aniakchak Tephra Plain TP 1  25 cmbs 43 30 2.02 1-3 (5) 15 
Aniakchak Tephra Plain TP 1  50 cmbs 45 33  4-4.5 14.8 
Cabin Bluff sec-Ania Bay  Surface 42 23  0.25 18.4 
Cabin Bluff sec-Ania Bay  10 cmbs  38 23  NT NT 
Cabin Bluff sec-Ania Bay  20 cmbs 41 25  1 17 
Cabin Bluff sec-Ania Bay  30 cmbs 42 26  1.25 16.3 
Cabin Bluff sec-Ania Bay  40 cmbs 41 25  1 15.9 
Cabin Bluff sec-Ania Bay  50 cmbs 40 25  1.5 14.5 
Cabin Bluff sec-Ania Bay  60 cmbs 40 23  2.2 14.8 
Cabin Bluff sec-Ania Bay  70 cmbs NT NT  2.75 14 
Cabin Bluff sec-Ania Bay  80 cmbs 39 25  2.75-4.25 (5) 14 
Cabin Bluff sec-Ania Bay  90 cmbs    3.7-4.5+ (5) 14 
Cabin Bluff sec-Ania Bay  100 cmbs    4.5+ (3) 13.9 
Cabin Bluff sec-Ania Bay  110 cmbs    4-4.5+ (4) 13.8 
Table 9.4.  Physical Soil Test Data from Katmai and Aniakchak.  NT is ―Not taken‖;  (#) is ―number of attempts‖. 
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